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Abstract 
This thesis investigates the weak and semi-strong form efficiency of the fixed odds 
English Premier League soccer betting market between 2002-03 and 2007-08. Recent 
structural changes – including a reduction in taxes, and the rapid growth of online 
bookmakers – renders this market ideal for empirical efficiency analysis. Weak form 
evidence indicates that favourite-longshot and home ground advantage biases exist in the 
quoting of bookmaker odds. In order to conduct semi-strong form analysis, a number of 
ordered probit models are specified, incorporating fundamental variables which are 
widely perceived to contain predictive power with regard to the outcome of a soccer 
match. The Kelly betting strategy is utilised to analyse the economic significance of their 
predictions, for matches played in the three most recently completed seasons, 2005-06 to 
2007-08. It is found that the implementation of two methodological adjustments – the 
avoidance of bets on away longshots, and a staggered start and finish to betting in each 
season – results in the generation of significantly positive returns, providing strong 
evidence against semi-strong form economic efficiency. Evidence presented in this thesis 
indicates a strong preference for a fractional Kelly strategy and supports the technique of 
combining forecasts, findings consistent with previous literature. Further, it is shown that 
a distinct improvement to the returns from any strategy can be obtained by shopping 
around for the best available odds.  
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1. Introduction and Motivations 
A significant issue in the analysis of information markets has been their degree of 
efficiency. An examination of information efficiency is the central focus of a plethora of 
financial market studies, and an ever expanding literature on betting markets. The spike 
in academic attention afforded to betting markets in recent times has, not coincidently, 
corresponded with the dramatic increase in their size and liquidity. As these 
characteristics continue to grow, the practical implications of efficiency, and most 
importantly the prospect of implementing profitable betting strategies, contain added 
significance. Vaughan Williams (1999) refers to betting markets as simplified financial 
markets, and Levitt (2004) explains that financial and betting information markets share a 
number of fundamental features. These include the heterogeneous beliefs of profit 
seeking investors, the resolution of uncertainty over time, the zero-sum nature of trading, 
and the potentially large amount of money at stake. Furthermore, Grant (2008) likens 
bookmaker behaviour to that of a securities market dealer. The identification and 
recognition of such stark parallels has motivated the conclusion purporting their analogy; 
“betting markets… are no longer distinct even superficially from other investment 
markets.” (Grant, Johnstone and Kwon, 2008). 
 
One area of betting market analysis that has gained considerable practical and theoretical 
popularity is that of sports betting. Determining the efficiency of sports betting markets 
requires an analysis of the statistical accuracy of forecasts implied by bookmaker prices, 
and the economic potential to generate positive returns. This thesis seeks evidence on 
these factors of market efficiency, at the weak and semi-strong form level, in the English 
Premier League soccer betting market between 2002 and 2008. The analysis of soccer 
betting markets is particularly interesting, in that there are three possible match outcomes 
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- home win, draw, and away win - and the proportion of draws is much higher than in 
other codes of football such as AFL, rugby league and rugby union. In order to conduct 
semi-strong form analysis, ordered probit regression models incorporating a range of 
fundamental indicators, widely perceived to contain predictive power with regard to the 
outcome of a soccer match, were employed to generate probability forecasts of match 
outcomes. 
 
Utilising these forecasts, economic efficiency is tested using a realistic and practical 
approach to betting through the implementation of the Kelly betting strategy. In so far as 
economic betting market inefficiency requires that positive returns are obtainable, a 
study‟s conclusions drawn in this regard are only as powerful and robust as its betting 
strategies are sophisticated and capable of exploiting the predictions of an a skilful 
forecaster. This thesis compares the Kelly returns to those generated by implementing the 
simple betting strategies used in previous studies. On all occasions, returns to the Kelly 
strategies are superior. As such, is it the optimality and superiority of the Kelly betting 
technique that sets the efficiency analysis of this thesis apart from previous sports betting 
market literature.  
 
The structure of the English Premier League soccer betting market is referred to as „fixed 
odds‟. Once a wager is made, the payoff is fixed, and cannot be influenced by other 
bettors, or the subsequent revelation of information, as in the case of pari-mutuels. 
Bookmakers announce their odds several days prior to the start of a particular match, and 
although they retain the right to revise them, as Levitt (2004) points out, adjustments are 
“typically small and relatively infrequent” (p. 223). This practice exposes the bookmaker 
to the risk associated with a range of information revealed during the period prior to kick 
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off, including the weather, pitch condition, player injuries and team selection, the likes of 
which could have a substantial impact on betting volumes and the match outcome. 
Makropoulou and Markellos (2007) explain that to compensate for their added exposure 
to risk in this period prior to match commencement, fixed-odds bookmakers charge a 
premium on the margin, making it more difficult for bettors to exploit mispricings. 
 
 It is important to understand the manner in which bookmakers set prices. As Levitt (2004) 
explains, this may be done in a number of ways. If bookmakers can predict bettor 
demand, setting a price that equalises the quantity of money wagered on each outcome 
will guarantee a profit. If they are more skilful than bettors at forecasting game outcomes, 
setting „correct‟ prices based on these accurate predictions will also yield positive returns 
in the long run. Finally, combining superior forecasts and an ability to predict bettor 
demand, bookmakers can set the „wrong‟ price and still realise returns in excess of those 
in the above two scenarios. In this way, the bookmaker is successfully able to exploit 
certain bettor preferences. Regardless of the price setting mechanism adopted by 
bookmakers, if bettors are actually more skilled forecasters than the bookmaker, or can 
identify inefficient prices, they have the ability to generate substantial profits, and 
consign the bookmaker to a loss.  
 
The structure of the English Premier League fixed odds betting market therefore provides 
a strong incentive for bookmakers to quote efficient prices. A failure to do so could 
potentially result in substantial losses. This incentive has intensified over recent years as 
a result of a number of significant structural changes surrounding the growth of internet 
based bookmakers. Prior to 1999, bookmakers would generally only accept combination 
bets, which involved a simultaneous wager on the outcome of three or more matches. The 
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rapid growth of internet bookmakers brought about the gradual abandonment of this 
particular restriction, and by 2003 all bookmakers were accepting bets on individual 
matches. Furthermore, in October 2001, the UK Government abolished the 6.75% betting 
duty in favour of a 15% tax on gross profits, representing a halving of the effective 
taxation rate faced by bookmakers (Paton, Siegel and Vaughan Williams, 2003). Prior to 
these structural changes, bettors with an ability to identify a mispriced betting 
opportunity had to overcome the added costs of having to bet on the outcomes of 
numerous matches, and a higher taxation rate reflected in worse prices. The reduction in 
these transaction costs served to increase the competitive pressure among bookmakers 
and, likewise, the financial consequences for inaccurate forecasting.  
 
The growth of internet bookmakers also had a direct impact on the attractiveness of 
betting as a form of „investment‟, through the lower costs associated with placing a bet. 
This can now be done online, twenty-four hours a day. Shopping around to obtain the 
best available price has also become a practically viable tactic for lowering transaction 
costs, by enhancing the potential gains to any particular bet, with no downside. The 
dataset procured by this thesis – containing the best (or maximum) odds from up to 70 
bookmakers – facilitates a thorough evaluation of the economic advantages of betting at 
the best odds, when compared to the average odds. Pope and Peel (1989) allude to the 
importance of divergent odds in their analysis of four bookmakers, however it is an 
aspect of soccer betting markets that has received scant consideration in previous work. 
This thesis reveals that the economic benefit of seeking out and betting at the best odds is 
substantial.  
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The remainder of this thesis is structured as follows. Section 2 reviews previous betting 
market literature with a focus on soccer betting markets. Section 3 formalises the research 
questions and hypotheses. In section 4, the methodology employed to test the weak and 
semi-strong form efficiency of the English Premier League betting market is presented. 
Section 5 discusses the extensive dataset, and the results of the empirical analyses are set 
out in section 6. Section 7 concludes, summarising the findings of this thesis, 
commenting on their implications for market efficiency, and suggesting areas for further 
research of betting markets.  
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2. Literature Review  
Analysis of betting market efficiency is the focus of an ever-expanding literature 
(extensive reviews can be found in Sauer, 1998, Vaughan Williams, 1999, and Vaughan 
Williams, 2005). As pointed out by Thaler and Ziemba (1998), the structure of betting 
markets renders them as ideal for testing the tenets of market efficiency. The difficulties 
experienced in devising tests of market efficiency for financial markets are somewhat 
negated in betting markets, where each asset (or bet), has a well defined life, at which 
point its value becomes certain. Conversely, the true value of an asset in most financial 
markets is never revealed. For this reason, betting markets avoid the problems associated 
with evaluating asset fundamentals in financial markets, such as future dividend streams, 
as well as speculation surrounding a future sale price. A number of parallels between 
financial and betting markets have also been noted. Ruhm (2003) explains how financial 
options can be represented by the characteristics of a simple gamble. Moreover, Vecer, 
Ichiba and Laudanovic (2006), in their examination of the 2006 FIFA Soccer World Cup 
betting market, reveal that certain wagers can be viewed as particular cases of credit 
derivatives.  
 
Previous research on betting market efficiency has generally analysed the accuracy of 
odds set by bookmakers, and tested betting strategies, seeking to generate positive 
abnormal returns. Early work focused on determining if systematic biases in the odds 
quoted by bookmakers existed. Such research uncovered a number of inefficiencies 
including the favourite-longshot bias. In more recent studies, match result forecasting 
models have been utilised to establish if the incorporation of a range of publicly available 
information including team strength and performance indicators can improve on the 
forecasts of bookmakers, and lead to profitable betting strategies.  
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By considering the stock market as an information market, Fama (1970) defined an 
efficient market as one where all available information is reflected in prices. Depending 
on the level of information incorporated, he classified three degrees of tests; weak, semi-
strong, and strong. In weak form tests, the information subset is historical prices. Semi-
strong form tests utilise all obviously publicly available information, while strong form 
tests use all information associated with price formation. This subset includes private 
information, over which some investors or groups have monopolistic access.  
 
Despite their obvious implications for stock and other asset markets, Fama‟s (1970) 
efficient market definitions can be extended to characterise betting markets. Here, weak 
form efficiency implies that no systematic biases in odds exist, and neither the 
bookmaker nor punter can achieve abnormal returns using only historical price, or odds 
data. Semi-strong form efficiency implies that the incorporation of publicly available 
information should not improve the probabilistic forecasts implied by bookmaker odds. 
As such, a betting strategy based on public information should not produce abnormal 
returns to the punter or bookmaker. Finally, strong form efficiency implies that no group 
can use private information to obtain abnormal returns. The majority of previous betting 
market efficiency studies have focussed on determining if particular betting markets are 
weak and semi-strong form efficient.  
 
2.1  Arbitrage 
The logical starting point for an examination of market efficiency is the search for 
occurrences of arbitrage opportunities. This issue has received relatively little attention in 
previous literature, possibly due to the small number of bookmakers‟ prices utilised for 
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analysis in any particular study. Pope and Peel‟s (1989) analysis of efficiency in the 
English soccer betting market from 1981 to 1982 revealed a number of instances where a 
combination of bets could be placed on all three outcomes of a match to guarantee a pre 
tax arbitrage return as high as 12%. This risk free return was discovered using data from 
only four bookmakers. In a more recent study, Dixon and Pope (2004) analyse the odds 
of three bookmakers over the three season period 1993 to 1996 and find no arbitrage 
opportunities. They hypothesise that the considerably lower divergence in odds compared 
to those reported in Pope and Peel (1989) is suggestive of more efficient forecasts, or 
possibly the result of implicit or explicit collusion between bookmakers. Vlastakis, Dotsis 
and Markellos (2007) study five sets of bookmaker odds for 12,420 matches spanning 26 
countries and events during 2002 to 2004. They find that in 63, or 0.5% of matches, 
arbitrage opportunities are present, with an average return of 21.78% and a maximum of 
200%. Paton and Vaughan Williams (2005) use the English soccer spread betting market 
for „booking points‟1 to develop a “Quasi-Arbitrage” or “Quarb” strategy, designed to 
exploit bookmakers whose spread differs significantly from the average spread. Using 
prices from up to five bookmakers, the quarb strategy generated positive returns in both 
the within and reserved samples of the 1999-00 and 2000-01 seasons respectively.   
 
As Vlastakis, Dotsis and Markellos (2007) explain, a number of explanations have been 
put forward to account for the existence of arbitrage opportunities in often seemingly 
efficient betting markets. In summary, bookmakers may quote odds that can be used as 
part of an arbitrage strategy without necessarily losing money, so long as their book is 
balanced. Kuypers (2000) constructs a model of bookmaker behaviour to demonstrate 
that profit maximising bookmakers may quote non-market efficient odds and increase 
                                                 
1
  For an explanation of „booking points‟, refer to section 4.2.1.7. 
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their expected profit. He explains that this occurs due to irrational punter preferences, 
such as wanting to bet on underdogs, or backing a local team. Additionally, Vlastakis, 
Dotsis and Markellos (2007) theorise that online bookmakers may be willing to quote 
superior odds for a limited time in order to boost website traffic, establish customer 
loyalty and maximise advertising revenue. Losses under such a practice can be controlled 
by placing limits on bet quantities.  
 
2.2 Uncovering Systematic Biases in Odds –  Weak Form Efficiency 
The method for testing the weak form efficiency of betting markets has commonly been 
to compare the subjective probabilities implied by bookmaker odds with outcome 
probabilities, to determine if odds exhibit any systematic biases. Such statistical tests of 
efficiency are usually complemented by those of an economic nature, used to determine 
the profitability of simple betting strategies. As Gray and Gray (1997) explain, the 
existence of consistent statistical biases is not, in itself, evidence of inefficiency. Market 
inefficiency requires that trading strategies can exploit biases to earn consistent profits.   
 
In order to conduct the simple statistical test explained above, the bookmaker‟s subjective 
probability of an event must be derived from their quoted odds. The process of obtaining 
these „adjusted‟ probabilities is relatively straightforward. If we consider the example of 
a soccer match, there are three possible outcomes; home win, away win and a draw. 
Suppose Chelsea is playing Liverpool, and a particular bookmaker‟s odds are quoted as 
below.  
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Match Outcome         Odds 
Chelsea Win  2.0 
Draw   2.5 
Liverpool Win  4.0 
 
The odds represent the return from a 1 unit investment in that particular outcome. For 
example a 1 unit wager on „Chelsea Win‟ pays 2 units in the event that Chelsea wins, for 
a net return of 1 unit. For each of the above match outcomes, the price implied 
probability is calculated by taking the inverse as follows: 
 
Match Outcome                     Price Implied Probability 
Chelsea Win   
0.2
1
  =  0.5 
Draw    
5.2
1
  =  0.4  
Liverpool Win   
0.4
1
  =  0.25 
 
Now, the bookmaker will generally not offer „fair‟ prices, meaning that bettors face 
trading costs equal to the sum of the price implied probabilities in excess of unity, or the 
bookmakers „over-round‟. In the current example, the bookmakers over-round is 
 
Bookmakers Over-round:       = 1)25.04.05.0(   
    = 15.0  
 
Practically, the bookmakers over-round will generally be between 0.05 and 0.15 for 
sports betting (Grant, 2008). Kuypers (2000) points out that the over-round will be higher 
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when there is greater uncertainty surrounding bettor demand, or when events have more 
than two possible outcomes, as is the case in a soccer match. 
 
The fact that the price implied probabilities do not sum to one means that they are not 
strictly probabilities. For uses in statistical efficiency evaluation however, it is necessary 
that these probabilities sum to unity. These implied probabilities can be obtained through 
normalising, by dividing the price implied probabilities by their sum. Continuing the 
example,  
 
Match Outcome                      Implied Probability 
Chelsea Win 
15.1
5.0
  =        43.48% 
Draw 
15.1
4.0
  =        34.78% 
Liverpool 
15.1
25.0
  =        21.74% 
 
It is these implied probabilities that are used in the statistical analysis of weak form 
efficiency. Kuypers (2000) tests the weak form efficiency of the English professional 
soccer league betting market over the seasons 1993-1994 and 1994-1995. Odds quoted by 
leading bookmaker, Ladbrokes, were recorded for the sample of 3382 matches spanning 
four divisions, and grouped into 24 categories with implied probability midpoints ranging 
from 17% to 68%. The actual event outcome probabilities corresponding to these 24 
categories were determined, and a simple OLS regression equation estimated to test 
whether the bookmaker implied probabilities equal observed outcome probabilities. The 
estimated regression specification was: implied probability =   * outcome probability. 
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Given that the null hypothesis, H0:   = 1, could not be rejected at the 5% level of 
significance, Kuypers (2000) concludes that no systematic bias between implied and 
outcome probabilities exists. The results of the regression confirmed those indicated by a 
visual inspection of the plot of implied versus outcome probability. As a further 
robustness test, the above regression equation was estimated separately for home win, 
away win and draw odds, with results suggesting a lack of systematic bias between 
implied and outcome probabilities in all groups. Kuypers (2000) systematic analysis 
therefore provides strong evidence in favour of statistical weak form efficiency. 
Economic efficiency is tested by examining the returns to the simple betting strategy of a 
one pound wager on every outcome in each implied probability category. The 
consistently negative returns are cited as evidence substantiating the conclusion of 
Kuypers (2000) that there exists no proof of either statistical or economic weak form 
inefficiencies in the English professional soccer league betting market in the two seasons 
1993-94 and 1994-95.  
 
Pope and Peel (1989) also analyse the weak form efficiency of the English professional 
soccer league betting market, however in the 1981-1982 season. They examine the odds 
quoted by four national bookmakers for a total of 1291 matches. 1066 matches played 
between weeks 1 and 32 comprise the preliminary data analysis, or estimation sample, 
with the remaining 225 matches played between weeks 33 and 37 forming the holdout 
sample. In a similar way to Kuypers (2000), Pope and Peel (1989) separated bookmaker‟s 
implied probabilities by home win, away win and draw, and grouped them in seven 
categories for each of the four bookmakers. Comparing the mean value of implied 
probabilities within these categories to the actual outcome probabilities, Pope and Peel 
(1989) concluded that for most groupings, the bookmaker odds on average imply 
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probabilities higher than the outcome probabilities, consistent with positive bookmaker 
margins, and supporting an absence of systematic profit opportunities. There are however 
a number of cases where the mean implied probability in a particular group is greater 
than the outcome probability, suggesting the possibility of a profitable betting strategy. 
The calculation of holdout returns to a strategy of betting on all matches in the biased 
odds groups rarely provided positive returns however. For this reason, Pope and Peel 
(1989) conclude that while there is some evidence of ex post bias, exploitation of any 
inefficiencies through application of a betting strategy in the holdout sample, is generally 
not profitable, and thus the market is efficient, at least at the weak level.  
 
To further enhance the power of their results, Pope and Peel (1989) conduct regression 
based tests using a linear probability model, and a logit model. The results of both 
methods suggest that the home and away win probabilities implied by the odds of all four 
bookmaking firms are not statistically different from outcome probabilities. As such, 
odds for these outcomes are concluded to be set in a weakly efficient manner. The odds 
quoted for draws however, contain no statistically significant predictive content.  
 
Conversely, Cain, Law and Peel (2000) do find evidence of weak form inefficiency in the 
English soccer betting market. Their study differs to those conducted previously, in that it 
analyses the efficiency of the market for betting on actual scores, rather than game 
outcomes. Analysing data from 2855 matches played during the 1991-1992 season, Cain, 
Law and Peel (2000) provide evidence of a „favourite-longshot‟ bias, also identified in a 
number of horse race, and other betting studies (see for example Ali, 1977, Crafts, 1985, 
and Dowie, 1976). The favourite-longshot bias is a statistical market inefficiency 
whereby favourites win more often than their implied probabilities suggest, and longshots, 
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or underdogs, less often. As such, the odds offered on favourites provide better bets for 
punters than those of longshots, and that low score outcomes are similarly more 
favourable for wagering than high score outcomes. Analysing the holdout sample of 855 
matches, the authors find that profitable betting opportunities exist for both home and 
away teams to win by scores of 1-0, 2-0, 2-1, and 3-2 when they are strong favourites. 
They do concede however that these profitable opportunities are relatively few in number.  
 
More recently, Vlastakis, Dotsis and Markellos (2007) analyse weak form efficiency in 
various European soccer betting markets over 2002 to 2004 by calculating the returns to a 
number of simple betting strategies. Significantly higher returns to a strategy that places 
bets on all favourites, compared to all longshots, is cited as evidence confirming the 
existence of the favourite-longshot bias. Furthermore, Vlastakis, Dotsis and Markellos 
(2007) seek evidence regarding the home ground advantage. They explain that in order to 
accurately assess this factor, the inherent favourite-longshot bias must first be accounted 
for. This is done by examining the home ground effects separately for favourites and 
longshots. Significantly higher average returns to strategies of placing bets on away 
favourites and away longshots (compared to home favourites and home longshots 
respectively) suggests that bookmakers overestimate the home ground advantage. Indeed, 
the away favourite strategy, which essentially exploits both the favourite-longshot bias 
and the overestimated home ground advantage, produces the highest average return, and 
in the case of one bookmaker is positive. Vlastakis, Dotsis and Markellos (2007) name 
this combined effect, the “away-favourite” bias.  
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2.3 Modelling Soccer Match Outcomes – Semi-Strong Form 
Efficiency  
 
Previous literature has generally tested for semi strong form efficiency of betting markets 
by attempting to achieve abnormal returns through the construction of game outcome 
predicting models. Such models incorporate a range of publicly available fundamental 
performance and form indicators, and have utilised one of two methods for modelling 
game outcomes. The indirect method models the goal scoring of each individual team in 
a match, while the alternative method models the home win, away win or draw game 
outcome directly. Goddard (2005) compared the two methods and found relatively little 
difference between their forecasting performances. 
 
2.3.1  The Indirect Method 
The earliest attempts to model the outcome of soccer matches came from Moroney (1956) 
and Reep, Pollard and Benjamin (1971). These studies used the negative binomial and 
Poisson distributions to model the number of goals scored in matches at an aggregate 
level. They showed that the use of such distributions was warranted for modelling goal 
scoring in soccer matches, however the aggregate approach revealed little information 
about possible factors driving the results of individual matches. The first study to 
incorporate team specific form and strength indicators to model outcomes of individual 
matches was Maher (1982). Maher (1982) similarly adopted the indirect method by 
modelling the goal scoring of each team using independent Poisson distributions, with 
means reflecting the goal scoring, and goal conceding records of the respective teams. In 
Maher‟s (1982) model, team performance parameters are estimated ex post, however it 
does not predict scores of matches, ex ante. Maher (1982) uses the bivariate Poisson 
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distribution to correct for interdependence between goals scored in a match by opposing 
teams, which leads to an underestimation of draws.  
 
Dixon and Coles (1997) extend the Maher (1982) Poisson regression model to facilitate 
forecasting. Their study analyses 6629 English professional soccer league matches played 
during the three seasons from 1992 to 1995 to generate ex ante match outcome 
probabilities for the 1995-1996 season. The methodological framework is similar to that 
of Maher (1982), with the goal scoring of each team following independent Poisson 
distributions. In order to account for inherent interdependence between scores in low 
scoring games, Dixon and Coles (1997) implement a modification that increases the 
probability of 0-0 and 1-1 draw outcomes and decreases the probability of 1-0 and 0-1 
results. A further enhancement allows for the previously assumed constant or static team 
performance rates to be dynamic, or vary through time. Recognising that a team‟s 
performance will be more highly correlated with recent performances than those in earlier 
matches, Dixon and Coles (1997) introduce an exponential weighting function, allowing 
historical data to be downweighted.   
 
Dixon and Coles (1997) test the out of sample predictions of their model using a 
relatively simple betting strategy, implemented over the 1995-1996 season. The strategy 
involves betting on a particular outcome of a match when the ratio of the model‟s 
probability to bookmaker implied probability for that outcome is greater than some 
predetermined value. The results indicate that implementing a strategy to bet on a 
particular outcome whenever the model suggests an “edge” over the bookmaker in excess 
of 10% (when the ratio of model to bookmaker probabilities is above 1.1), would have 
generated a positive return over the 1995-1996 season. The Dixon and Coles (1997) 
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result therefore provides evidence against semi-strong form efficiency of the English 
professional soccer league betting market in that period.  
 
Adopting a similar structure, Rue and Salvesen (2000) use a modified Poisson model. 
Recognising the need to allow attacking and defensive strengths to vary through time, 
these parameters are estimated using a Bayesian generalised linear specification. The 
Bayesian technique of simultaneously modelling all time-varying properties of each team 
offers an improvement on the attempt of Dixon and Coles (1997) to do so by 
downweighting the likelihood. In addition to allowing separate attacking and defensive 
capabilities, Rue and Salvesen (2000) introduce a psychological factor to account for the 
tendency of a stronger team to underestimate the strength of a weaker team. Rue and 
Salvesen (2000) also modify the Poisson assumption of Dixon and Coles (1997) by 
truncating the number of goals scored by each team at 5. For example, a result of 7-1 is 
interpreted as 5-1, and a result of 6-6 is interpreted as 5-5. The underlying assumption 
here is that only the first 5 goals of each team contain any informative content with 
regard to their particular performance properties.  
 
Rue and Salveson (2000) compare the predictive ability of their model to those of 
bookmaker Intertops during the season 1997-1998. Using the first half of the season in 
both the English Premier League and Division 1 (currently the League Championship) for 
estimation, the predictive ability of their model in the second half of the season was 
particularly similar to that of bookmaker Intertops. This finding is based on the pseudo-
likelihood measure, calculated as the geometric mean of the probabilities for the observed 
results. Realised returns based on a betting strategy utilising the predictions of their 
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model are attractive, however a considerable amount of luck is credited, and the 
significant possibility of negative returns recognised.  
 
Crowder, Dixon, Ledford and Robinson (2002) suggest a less computationally 
demanding technique than that used in Dixon and Coles (1997) and Rue and Salvesen 
(2000), for updating team‟s goal scoring and goal conceding capabilities. Analysing 
English Soccer Association matches played during the period 1992 to 1997, their so 
called approximation method produces results indicating comparable predictive ability to 
that of the Dixon and Coles (1997) model, however no attempt is made to translate its 
predictions to returns.  
 
2.3.2  The Direct Method 
Discrete choice regression specifications used to model win-draw-lose match outcomes 
directly, rather than through scores, have gained popularity with researchers in recent 
times. Proponents of such discrete choice models have heralded their advantages, which 
include computational simplicity, and the avoidance of the problem of interdependence 
between the scores of each team in a match. 
 
The first study to extend the use of discrete choice specifications to model the outcome of 
soccer matches was Kuk (1995). Kuk (1995) uses an ordered probit model to derive the 
probability of a particular result in a given match. With only aggregate data, consisting of 
the number of home and away wins, losses and draws for each team in the English 
Premier League during the 1993-1994 season, Kuk (1995) estimates his model using the 
method of moments. The model allows for the quality of a team to differ depending on 
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whether the game is at home or away, and also for the home ground advantage to vary 
between teams and over games.  
 
Koning (2000) similarly uses an ordered probit model that allows for the home ground 
advantage, however a team‟s strength parameter is assumed constant, and independent of 
the opponent and venue of the game. Koning (2000) uses his model to describe an 
extensive set of soccer match results ex post, with the aim of analysing changes in the 
competitive balance in Dutch soccer over the life of its professional Premier League 
competition from 1955 to 1997.  
 
Kuypers (2000) develops a more sophisticated ordered probit model to test the semi-
strong form efficiency of the four English professional soccer leagues in the 1993-1994 
and 1994-1995 seasons. Kuypers (2000) model incorporates a range of explanatory 
variables constructed from performance based publicly available information from the 
current season. The variables include differences in teams‟; average and cumulative 
points per game, league position, average and cumulative goal difference, as well as a 
number of recent form indicators. Match odds, as offered by Ladbrokes, are also included 
as explanatory variables in the model.  
 
Kuypers (2000) tests both the in and out of sample profitability of the model‟s predictions 
using a simple betting strategy. The strategy involves placing one pound on the outcome 
of a particular match if the ratio of the model generated predicted probability to the 
bookmaker implied probability for that outcome is greater than some pre-specified value, 
X. In sample, where the betting strategy is applied to the entire two-season estimation 
period of 1993 to 1995, positive before and after tax returns are realised for all values of 
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X equal to 1.1, 1.2, 1.3 and 1.4, reaching as high as 44% and 33% respectively. To 
determine out of sample profitability, the 1994-1995 season is used as a holdout sample, 
with model estimation only incorporating data from the 1993-1994 season. Using the 
model‟s predictions for 1994-1995, returns to an identical strategy are calculated. Results 
are comparable, with before and after tax returns maximised at 45% and 32% 
respectively when X equals 1.4. Kuypers‟ (2000) results provide strong evidence for the 
existence of statistical inefficiencies in the setting of bookmaker odds, and against the 
economic semi-strong form market efficiency hypothesis by the discovery of a simple 
betting strategy that successfully exploits them.   
 
Goddard and Asimakopoulos (2004) adopt a similar framework to determine the 
efficiency of odds quoted by a „prominent high street bookmaker‟ for English soccer 
league matches played during the 1999-2000 and 2000-2001 seasons. An ordered probit 
model is specified with explanatory variables capturing teams‟ win ratios up to two years 
prior to the current match, and recent home and away performance indicators. Goddard 
and Asimakopoulos (2004) also introduce three new explanatory variables. The first is 
proposed to account for the incentive differences that may exist when one team in a 
match has a chance to win the championship, be promoted or relegated. Goddard and 
Asimakopoulos (2004) speculate that such a difference in incentives is likely to have a 
significant influence on the result of a match. A match is classified as significant in this 
regard if it is possible for one team in that match to win the championship, be promoted 
or relegated, if it assumed that all other teams vying for the same outcome take an 
average of one point from their remaining matches. Despite the simplicity of this 
algorithm, the authors claim it is successful in identifying those matches towards the end 
of the season in which differing incentive effects are at their greatest.  
 27 
 
The second new variable is included to proxy for the effect of elimination from the FA 
Cup, a knock-out tournament involving teams from all four divisions of English 
professional soccer. The regression results indicate a deterioration of league results 
following elimination from the FA Cup. This suggests that the loss of confidence, or 
negative psychological effect associated with this outcome outweighs the alternative 
positive effect of a team being able to concentrate all its efforts on league matches. The 
FA Cup explanatory variable is reported as significant at the 1% level.  
 
The final new explanatory variable proposed by Goddard and Asimakopoulos (2004) is 
the natural logarithm of the geographical distance between the home grounds of the 
teams in each match. The positive and significant (at the 1% level) estimated coefficient 
of this variable supports the finding of Clarke and Norman (1995), that the home ground 
advantage increases with the distance between the home and away teams‟ grounds, due to 
the difficulties associated with long distance travel, both for the away team and its 
supporters, among other factors.  
 
Ex ante probabilities for the 1568 and 1571 matches played during the 1999-2000 and 
2000-2001 seasons respectively are generated using an ordered probit model estimated 
using data from the preceding 10 seasons in each case. Regression based tests are used to 
determine if the model contains information not impounded by bookmaker odds, with 
results indicating that the model does impound additional information. This is especially 
true towards the end of the season, possibly as a result of the explanatory power of the 
incentive variable.  
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Goddard and Asimakopoulos (2004) further test the economic relevance of their findings 
through the calculation of ex post returns to a simple betting strategy. The strategy 
involves placing a one pound wager on every match, on the home win, away win, or draw 
outcome for which the ex ante expected return is the highest. Consistent with the above 
result, indicating that the model‟s explanatory power is greatest towards the end of the 
season, the betting strategy would have generated positive returns of 8.0% in the final 
two months (April and May) of both the 1999-2000 and 2000-2001 seasons. A similar 
positive result occurs in the opening month (August) of the seasons, with returns of 3.1% 
and 1.5% respectively. Goddard and Asimakopoulos (2004) propose that their findings 
are evidence of bookmaker inefficiencies in the quoting of odds. The unconvincing 
results of the proposed betting strategy however, suggest that the limited evidence of 
statistical inefficiency doesn‟t extend to a significant, exploitable economic inefficiency.  
 
Forrest, Goddard and Simmons (2005) extend on the work of Goddard and 
Asimakopoulos (2004) by analysing the efficiency of five bookmakers‟ prices over five 
seasons from 1998 to 2003. The authors compare the maximised log-likelihood values 
obtained by fitting ordered probit regressions using firstly the bookmakers‟ implied 
probabilities, and then the probabilities generated by their model as explanatory variables. 
A clear trend is identified in that their model‟s forecasts initially outperformed those of 
the bookmakers, but by the end of the five season period, the bookmakers‟ implied 
probability forecasts outperformed the probabilistic predictions of their model.  
 
Furthermore, to test the individual significance of both the bookmakers‟ and the models 
probabilistic forecasts, an ordered probit regression is fitted using both these covariates 
simultaneously, and likelihood ratio tests performed. The results suggest that the 
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probabilities implied by the bookmaker‟s odds only contain information not captured by 
the model in the final four seasons. Conversely, in the first three seasons the model 
contains information not impounded by bookmakers, in the fourth season the result is 
similar but only just statistically significant, and by the final season, the model contained 
no additional information to that contained in bookmaker prices.  
 
In order to reveal the economic importance of the differences between the probabilities 
implied by the bookmakers‟ odds and those of their model, the authors report the returns 
to the simple betting strategy, identical to that of Goddard and Asimakopoulos (2004). 
Returns across the five seasons and using the prices of all bookmakers are generally 
negative suggesting no obvious profitable betting strategy based on the forecasts of their 
model.  
 
Forrest, Goddard and Simmons (2005) conclude that the performance of bookmakers 
improved significantly over the period of their study, and provide the first piece of 
evidence suggesting the English soccer fixed odds betting market has moved towards 
both statistical and economic efficiency at the semi-strong level. They cite the 
intensification of competitive pressure among bookmakers in a period where the financial 
consequences of poor forecasting have become increasingly costly as the driving force 
behind this seemingly rapid improvement.  
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3. Research Questions and Hypotheses 
The primary focus of this thesis is the examination of the semi-strong form efficiency of 
the English Premier League fixed odds betting market. Evidence necessary to conclude 
on its efficiency at a preliminary statistical level will be presented in a comparison of the 
forecast accuracy of this thesis‟ specified ordered probit models and bookmaker implied 
probabilities. In order to conclude on the true semi-strong form efficiency of this market, 
however, tests of the more restrictive part of the efficiency definition must be conducted. 
These are economic tests of whether the forecasts of models incorporating a range of 
publicly available information can form the basis of consistently and significantly 
profitable betting strategies. As such, the implied hypotheses of this thesis are that the 
tenets of market efficiency are not violated; most notably, that systematic profits to any 
betting strategy are unattainable. In light of the deregulation and increased competition 
experienced by bookmakers in the English Premier League betting market, as well as the 
finding of Forrest, Goddard and Simmons (2005), it is not unreasonable to suggest that 
efficiency should have improved in recent times.  
 
This thesis also conducts an examination of weak form efficiency, the analysis and results 
of which will provide a good introduction to, and foundation for the semi-strong form 
efficiency investigation. Identical hypotheses regarding English Premier League betting 
market efficiency at the weak form level can be implied. Statistically, weak form 
efficiency requires that bookmaker implied probabilities equal outcome probabilities, and 
correspondingly from an economic stand point, that no simple betting strategies are 
capable of generating significant profits, on average.  
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4. Methodology 
In line with the research questions detailed above, this thesis will analyse the efficiency 
of the English Premier League soccer betting market at the weak form level by 
determining if bookmakers‟ odds contain any systematic biases, and whether positive 
abnormal returns can be obtained by implementing a number of simple betting strategies. 
Evidence regarding the existence of arbitrage opportunities will also be presented. Semi-
strong form level analysis will examine the statistical accuracy of this thesis‟ specified 
match outcome predicting models‟ probability forecasts, and analyse the economic 
profitability of betting strategies that utilise them.  
 
It is important at this stage to differentiate between the two definitions of economic 
efficiency employed in the sports betting market literature. As Gray and Gray (1997) 
explain, the narrow view posits that the expected loss from any betting strategy should 
approximate the bookmakers‟ margin. This means that the bettor should not be able to 
generate differential returns at differential odds (Vaughan Williams, 2005). Under the 
broad view, no betting strategy should, on average, yield significantly positive returns. In 
line with its practical approach, this thesis adopts the broad view, and focuses on 
evidence of betting strategies yielding significantly positive returns, on average, as the 
decisive indicator of market inefficiency.  
 
4.1 Analysis of Weak Form Efficiency  
This thesis seeks evidence of arbitrage opportunities, conducts calibration analysis, and 
implements a number of simple betting strategies to determine if the tenets of weak form 
efficiency were violated in the six seasons of the English Premier League betting market 
between 2002 and 2008.  
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4.1.1 Arbitrage  
The majority of previous sports betting market efficiency studies have been conducted 
with a limited number of bookmakers. The rapid and abundant emergence of online 
bookmakers, and thus the significantly increased volume of odds data available, has made 
arbitrage analysis more practical in recent times. The extended odds data obtained for use 
in this thesis, consisting of the maximum quoted odds from up to 70 bookmakers, 
provides the ideal platform from which to analyse arbitrage opportunities in the English 
Premier League soccer betting market.  
 
In betting markets, arbitrage can be defined as constructing a riskless profit. For a soccer 
match, this involves placing bets on all three possible match outcomes to obtain a 
guaranteed profit regardless of the outcome. If a guaranteed profit can be secured, the 
punter has produced an “under-round” book. In order to do this, a combination of bets 
must be placed with the bookmaker offering the best odds for each outcome, and the 
margin of this artificial book must be negative.  
 
Therefore, if the following inequality is satisfied, an arbitrage opportunity exists,    
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where hmax , dmax  and amax  are the maximum odds quoted for home win, draw, and 
away win outcomes respectively. The left side of the inequality represents the artificial 
margin, when bets are placed at the maximum odds. A profit equal to the absolute value 
of this margin can be realised by placing bets on each outcome in proportions equal to the 
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implied probabilities of the artificial book. As such, the proportion wagered on each 
outcome can be calculated using the following equation,  
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where ip  is the proportion of the total bet wagered on outcome i, and hmax , dmax  and 
amax  are the maximum odds quoted for home win, draw, and away win outcomes 
respectively. 
 
Of course, the existence of arbitrage opportunities would provide strong evidence in 
favour of weak form economic market inefficiency on the most fundamental level.   
 
4.1.2 Bookmaker Calibration 
Statistical weak form efficiency tests of betting markets seek to determine the accuracy of 
bookmaker implied probability forecasts. Consistent with previous literature, this thesis 
utilises calibration analysis to ascertain whether the odds quoted by bookmakers in the 
English Premier League betting market contain any statistical systematic biases. In a 
weak form efficient betting market, the probabilities implied by bookmaker odds would 
not be systematically different to outcome probabilities. As Schervish (1989) explains, a 
set of forecasts is considered (empirically) well calibrated if it complies with this 
definition. In order to conduct the calibration analysis in this thesis, bookmaker implied 
probabilities are calculated using average quoted odds. Using average odds is analogous 
to combining the forecasts of all bookmakers, a technique advocated in an extensive 
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literature on forecast evaluation. Combining forecasts by simply averaging is generally 
concluded to be a robust strategy, on the basis that it leads to an increase in predictive 
power (Clemen, 1989). A discussion on the combination of forecasts is presented in 
section 6.2.5.3. The use of average odds also eliminates bookmaker selection bias, and 
therefore facilitates a comprehensive examination of market wide characteristics, rather 
than those pertinent to a particular bookmaker.  
 
For the purposes of the calibration analysis, average bookmaker odds were converted to 
implied probability forecasts using the following formula,  
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where iIP  refers to the implied probability for outcome i, and havge , davge  and aavge  
are the average odds quoted for home win, draw, and away win outcomes respectively. 
The calculated implied probabilities were grouped into decile ranges and the average of 
each group determine. These were then compared to their respective outcome 
probabilities for each season.  
 
The economic relevance of the bookmakers‟ statistical calibration was determined by 
calculating the returns to the betting strategy of wagering a fixed amount on every 
outcome from a particular calibration decile. In line with the definition of efficiency 
advocated by this thesis, a conclusion of weak form inefficiency would require evidence 
of a significantly positive return, on average. 
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4.1.3  Simple Betting Strategies 
Previous literature on sports betting markets has uncovered the existence of various 
bookmaker biases including the favourite-longshot bias and home ground advantage 
misestimations. Economic evidence of such biases in the English Premier League soccer 
betting market is determined by assessing the returns to a number of simple betting 
strategies. These strategies include betting a fixed amount on all home teams, away teams, 
draws, favourites, underdogs, and various combinations of these. Consistent with the 
adopted definition of efficiency, on average, none of these strategies should generate 
significantly positive returns.   
 
4.2  Analysis of Semi-Strong Form Efficiency 
If a soccer betting market is semi-strong form efficient, incorporating a range of publicly 
available information accessible prior to the start of each match should not improve the 
probabilistic forecasts implied by bookmaker odds. Further, a betting strategy based on 
forecasts using such public information should not be capable of generating positive 
returns. This thesis constructs ordered probit match outcome forecasting models, based 
on that of Forrest, Goddard and Simmons (2005), to examine the tenets of semi-strong 
form efficiency in the English Premier League soccer betting market between 2002 and 
2008. Both the statistical accuracy and economic significance of the models‟ predictions 
will be analysed. As explained above, the view held by this thesis is that the existence of 
a statistical inefficiency is insignificant if it is not economically exploitable. The ultimate 
conclusion on efficiency will rest on the ability of the specified models to generate a 
sustainable profit against the bookmaker.  
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4.2.1  The Ordered Probit Regression Model 
Given the task of forecasting the ordinal match result dependant variable, a discrete 
choice modelling technique is the obvious choice of this thesis. The direct match result 
forecasting method of the ordered probit model was chosen on the basis of its intuitive 
appeal and relative computational simplicity. Furthermore, the use of a discrete choice 
regression model such as ordered probit does not encounter the problem of 
interdependence between home and away scores encountered when indirect methods, 
such as Poisson distributions, are used to model team scores in a match.  
 
The ordered probit model is structured such that the result of the match between home 
team i and away team j, denoted jiy , , depends on the unobserved set of covariates 
*
, jiy  
and a disturbance term, ji , ; 
 
Home Win 2, jiy  if jijiy ,
*
,2       [4] 
Draw  1, jiy  if 2,
*
,1   jijiy     [5] 
Away Win 0, jiy  if  1,
*
,   jijiy     [6] 
 
where: 
jiy ,   is the result of the match between home team i and away team j.  
*
, jiy   the latent variable, is a linear function of a set of covariates used to predict the 
outcome of matches. 
ji ,  is a normal independent and identically distributed (NIID) disturbance term: 
ji , ~ )1,0(N . 
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21,  are the cut-off parameters which control for the proportions of home wins, 
away wins, and draws during the estimation period.  
 
The set of equations [4], [5] and [6] is estimated over some designated sample period. 
Rearranging these equations, out-of-sample match outcome probability forecasts can be 
obtained as follows, 
 
Home win probability = Hjip ,  )(
*
,2, jiji yprob    
              )(1 *,2 jiy        [7] 
Draw probability  = Djip ,  )(
*
,2,
*
,1 jijiji yyprob     
              )()( *,1
*
,2 jiji yy        [8] 
Away win probability = Ajip ,  )(
*
,1, jiji yprob    
              )( *,1 jiy         [9] 
where:  
*
, jiy  is the observed value of the latent variable for each particular match. 
21,  are the estimated cut-off parameter values over the estimation period. 
  represents the cumulative distribution function of the standard normal 
distribution. 
ji ,  is a normal independent and identically distributed (NIID) disturbance term: 
ji , ~ )1,0(N . 
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In equations [4], [5] and [6], the latent variable *, jiy  is proposed to depend on the 
following explanatory variables, pertinent for forecasting the result of the match between 
home team i and away team j.  
 
4.2.1.1 Historical Win Ratios 
A good gauge of a team‟s quality is its previous match results. In this thesis, a team‟s 
performances in the current and previous seasons are captured in their historical win 
ratios. The home team and away team win ratios are denoted i
d
si
d
si nWW /,,   and 
i
d
sj
d
sj nWW /,,   respectively. 
d
sjiW ,/  is home team i‟s, or away team j‟s total sum of points 
when match results are transformed to a quantitative scale consistent with previous 
literature (see Goddard and Asimakopoulos, 2004, Forrest, Goddard and Simmons, 2005, 
and Goddard, 2005). The scale consists of: win = 1, draw = 0.5 and loss = 0. Ratios are 
calculated from results in the current season )0( s , from the previous season )1( s , 
and from two seasons ago )2( s . Index d further controls for teams that were promoted 
to the Premier League in the past 2 seasons, where 0d  when results were in the 
Premier League, 1d  when results were one division below, and 2d  when they 
were two divisions below the Premier League. In the eight seasons analysed in this thesis, 
it was never the case that a team was relegated in two consecutive years, and therefore d 
never took a value of 2 . sjin ,/  is the total number of games played by the home and 
away teams in the current season )0( s , in the previous season )1( s , and two seasons 
ago )2( s .  
 
Higher home team historical win ratios are expected to increase the probability of the 
home team winning, and therefore should have a positive coefficient. Conversely, higher 
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away team historical win ratios should increase the probability of the away team winning, 
and therefore should have a negative coefficient. 
 
4.2.1.2 Recent Match Outcomes 
A team‟s most recent performances are likely to have a significant influence on the 
outcome of the current match, due to persistence in results, or „form‟. The recent match 
outcome variables are included to capture recent home and away form. Goddard and 
Asimakopoulos (2004) acknowledge that these variables contribute to, and therefore may 
exhibit some correlation with a team‟s win ratios, however note that the short-term 
persistence in match results may render them particularly important in predicting the 
current match outcome. They also confirm the intuitive conjecture that the home team‟s 
recent home results are more useful as predictors than its recent away results, and 
correspondingly, the away team‟s recent away results are more informative than its recent 
home results.  
 
Recent home and away match outcome variables for home team i are denoted HmiR ,  and 
A
niR , , taking into consideration the m most recent home results, and n most recent away 
results. The respective variables for away team j incorporate results from the m most 
recent away matches, 
A
mjR , , and the n most recent home matches, 
H
njR , . Previous literature 
suggests that 9m  and 4n (see Goddard and Asimakopoulos, 2004, Forrest, Goddard 
and Simmons, 2005, and Goddard, 2005). For this thesis, variables for lag lengths of 
10m  and 10n  were constructed.  
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A home team with good recent results is expected to have a higher probability of winning 
than one with poor recent results. As such, a home teams‟ recent result variable 
coefficients should be positively signed. The converse is true for the away team, and thus 
their recent result variable coefficients are expected to be negatively signed.  
 
4.2.1.3 Elimination from the FA Cup 
The FA Cup is an annual knock-out tournament involving teams in all four divisions of 
English soccer. Teams from Leagues One and Two enter the competition in round 1, with 
teams in the League Championship and the Premier League joining them in round 3. 
Early elimination from this competition may affect a team‟s performance in the Premier 
League, however the direction of this effect may be positive or negative. That a team can 
focus all its efforts on its performances in the Premier League following FA Cup 
elimination would suggest an improvement in Premier League results. Alternatively, 
progress in the FA Cup may cultivate team spirit and belief, with elimination resulting in 
a lack of confidence and poise, and leading to a deterioration of Premier League 
performances. Previous empirical results suggest that the latter occurs, with teams 
eliminated early suffering a decline in league results (see Goddard and Asimakopoulos, 
2004, Forrest, Goddard and Simmons, 2005, and Goddard, 2005). iFCUP  and jFCUP are 
dummy variables taking a value of 1 if home team i or away team j have been eliminated 
from the FA Cup respectively, and 0 otherwise. Based on the findings of previous 
literature, the FA Cup coefficient is expected to be negative for home teams, and positive 
for away teams. FA Cup elimination dates required for the construction of this variable 
were sourced from the official FA Cup website, www.thefa.com. 
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4.2.1.4 Distance Between Home Grounds 
The home ground advantage is a well documented sporting phenomenon. Courneya and 
Carron (1992) suggest that a match‟s home or away location has a differential impact on 
a number of factors, including the crowd, travel arrangements, and familiarity with the 
venue. They explain that these factors influence psychological and behavioural states of 
players, coaches and officials, and in turn, the result of the match. Clarke and Norman 
(1995) revealed that the geographical distance between the locations of the two teams 
contesting a soccer match has a significant influence on the outcome of that match. The 
home ground advantage is generally weaker when teams are located close by, and more 
pronounced when they are not. Reasons include the existence of local derbies, where 
home ground advantage is somewhat offset by increased intensity and enthusiasm, 
especially from the away team. Furthermore, the home ground advantage is likely to be 
significantly more pronounced when teams from distant cities are competing, due to the 
psychological and practical difficulties associated with travel for both the away team and 
its supporters (see Goddard and Asimakopoulos, 2004, Forrest, Goddard and Simmons, 
2005, and Goddard, 2005). The variable proposed to capture this effect is the natural 
logarithm of the road distance between the home grounds of home team i and away team 
j, measured in miles. This variable is denoted by jiDIST , . Consistent with the above 
discussion, this variable is expected to possess a positive coefficient.  
The website www.communitywalk.com/footballgrounds, which uses the Google
™
 Earth 
interface, was used to generate the road distances.  
 
4.2.1.5 Crowd Attendance Relative to League Position 
The crowd attendance variables outlined here account for the so called „big team‟ effect 
on match results. Teams that draw larger crowds are more likely to win, as a result of 
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having greater funds available for spending on purchasing player talent, or directly 
through crowd influence on a match (see Goddard and Asimakopoulos, 2004, Forrest, 
Goddard and Simmons, 2005, and Goddard, 2005). Furthermore, teams that win are 
likely to attract more supporters to their club, and thus more fans to their games. The 
variable suggested here follows Forrest, Goddard and Simmons (2005). It is the residual 
for home team i or away team j, from a cross-sectional OLS regression of the natural log 
of average home attendance on final league position. Teams from both the Premier 
League and League Championship are used in the regression estimation, to ensure 
information is captured for teams that were relegated or promoted. The scale of final 
league position designates 44 to the winner of the Premier League down to 1 for the last 
place finishing team in the League Championship. The variables are denoted siCA , and 
sjCA ,  for home and away teams respectively for the two previous seasons, 2,1s . In 
line with the above discussion, the home team variables are expected to have positive 
coefficients, and the away team variables, negative coefficients. Information required for 
the construction of these variables was sourced from the official English Premier League 
website, www.premierleague.com; SoccerSTATS.com, www.soccerstats.com, and The 
Football League, www.football-league.co.uk. 
 
4.2.1.6 Significant Incentive Indicator 
Towards the end of the season, there often exists an incentive for some teams to perform 
better if a particular match win ensures they claim the championship, gain promotion or 
avoid relegation. As such, the match result is likely to be influenced by the differing 
incentives of the teams contesting any given match. The analysis of only Premier League 
data renders the promotion incentive irrelevant in this study, however the increased 
motivation for teams in contention for winning the championship or suffering relegation 
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will be present. Each season, the three bottom finishing teams in the Premier League are 
relegated to the League Championship, with the three top teams in the League 
Championship replacing them.  
 
The incentive indicator algorithm utilised by this thesis is slightly different to that of 
previous literature. One of the main reasons for this divergence was the difficulty in 
interpreting the algorithm used in Goddard and Asimakopoulos (2004), Forrest, Goddard 
and Simmons (2005), and Goddard (2005). In these studies, a match was considered 
significant in the above regard when, prior to the start of a particular match, the team in 
question can win the championship or be promoted or relegated if all other teams vying 
for the same outcome take one point on average from their remaining matches. It was not 
specified if „one point‟ was calculated on the scale used in the historical win ratios and 
recent match outcome variables (win = 1, draw = 0.5 and loss = 0), or whether it referred 
to the points allocation contributing to Premier League table standings, where a win is 
worth 3 points, a draw is worth 1 point, and a loss is worth 0.  
 
For the purpose of this thesis, a match is considered to have significant incentives for a 
particular team in the last four
2
 games of the season if a win ensures avoiding relegation, 
or if it is still possible, based on the results of other matches, for that team to be relegated. 
Furthermore, a team is said to have significant incentives in a match if a win ensures they 
secure the Premier League championship title.   
 
The significant incentive variables for the home and away teams respectively are dummy 
variables denoted by jiINCH , and jiINCA , . jiINCH ,  takes a value of 1 if, based on the 
                                                 
2
  The incentive algorithm was also implemented for the final three and five games of a 
particular season. Both the statistical and economic results were not materially different.  
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above definition, the match has significant incentives for home team i and not away team 
j, and 0 otherwise. Thus, if both teams in a match are deemed to have significant 
incentives, they are assumed to cancel each other out and both teams take a value of 0 for 
their respective incentive variables. Similarly, jiINCA ,  takes a value of 1 if the match has 
significance for away team j and not home team i, and 0 otherwise. Consistent with the 
above analysis, the significant incentive variable for the home team should have a 
positively signed coefficient, and vice versa for the away team. Round by round historical 
Premier League tables required for the construction of this variable were sourced from 
SoccerAssociation.com, www.soccerassociation.com.  
 
4.2.1.7 Recent Lagged In-Match Statistics 
In his comparison of the direct and indirect match forecasting methods, Goddard (2005) 
concludes that the best forecasting performance is achieved through the use of a „hybrid‟ 
specification, combining a results based dependant variable with goals-based lagged 
performance variables. For this reason, a number of lagged in-match statistical variables 
were constructed for use in the ordered probit models. They consist of a teams‟ recent 
lagged average; goals, shots, shots on target, fouls and booking points. Booking points 
are a disciplinary variable with yellow cards taking a value of 10 and red cards a value of 
25. Two yellow cards, or one red card result in a player being dismissed for the remainder 
of the game. The maximum number of points a single player can earn is 35, consisting of 
10 for an initial yellow card, and 25 points for dismissal brought about by red card.  
 
Higher goals, shots, and shots on target in recent matches are all expected to increase the 
probability of a particular team winning, for obvious reasons. As such, a positively signed 
coefficient is expected for these home team variables, and a negatively signed coefficient 
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for these away team variables. The expectation interpretation of the fouls and points 
variables is considerably more ambiguous. A team that commits a higher number of fouls, 
and receives a higher number of booking points could be indicative of an aggressive or 
intimidating playing style, or alternatively that they are unable to contain their opposition 
within the rules, and must act illegally in an attempt to do so. The former explanation 
would suggest a positively (negatively) signed coefficient for these home (away) team 
variables, and the latter, a negatively (positively) signed coefficient for these home (away) 
team variables. 
 
Recent home and away in-match statistical variables for home team i are denoted H qxiIM ,,  
and A rxiIM ,, , where x = g, s, t, f or p for goals, shots, shots on target, fouls and booking 
points respectively. The variables take into consideration the q most recent home results 
and r most recent away results, with q and r taking a value of 5 or 10 depending on the 
length of the lag, measured in matches. The respective variables for away team j 
incorporate results from the q most recent away matches, A qxjIM ,, , and the r most recent 
home matches, H rxjIM ,, . 
 
4.2.2 Construction of Estimation and Prediction Periods  
In order to test the semi strong economic efficiency of the English Premier League soccer 
betting market, the estimation and prediction samples were constructed to replicate the 
scenario faced by an informed bettor attempting to generate positive returns through 
betting on the three most recently completed seasons, 2005-06, 2006-07 and 2007-08. For 
each of these seasons, the three preceding seasons are used to estimate the parameters of 
the models. A summary of the estimation and prediction periods is set out in Table One. 
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Maximum Likelihood estimation is employed to estimate the models in E-Views. E-Views 
also generates probability forecasts, the accuracy and profitability of which will be 
analysed for matches played in the respective prediction seasons.   
 
Table One – Estimation and Prediction Periods 
Model Estimation Seasons Out of Sample Prediction Season
2002-03 to 2004-05 2005-06
2003-04 to 2005-06 2006-07
2004-05 to 2006-07 2007-08
 
 
4.2.3 Evaluating the Models’ Predictions 
The two options available for the evaluation of probability forecasts are statistical and 
economic. Statistical techniques for probability forecast evaluation, or those used to 
analyse measures of statistical accuracy, are often referred to as “probability scoring 
rules”. The use of such statistical evaluation techniques date back to Brier (1950), and 
have been tailored for applications in numerous fields including meteorology, medicine, 
psychology, betting markets, economics, and finance, among others. Proponents of 
economic evaluations, as explained in Grant (2008), argue that the numerous subjective 
decisions involved with any statistical evaluation lead to results that are often ambiguous, 
and not necessarily of any practical significance. Accordingly, the optimal technique for 
evaluating probability forecasts is from an economic stand point, through an analysis of 
the returns to strategies that utilise them. The idea of a forecast‟s economic usefulness 
was considered in studies as early as Thompson and Brier (1955), who analysed weather 
forecasts by examining the cost of decisions affected by weather. More recently, Granger 
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and Pesaran (2000) advocated the superiority of economic evaluations of probability 
forecasts with the justification that better decisions lead to better economic outcomes.  
 
This thesis supports the economic evaluation school of thought, namely, that a good 
forecast will produce economic returns that are superior to a poor forecast. As such, the 
forecasts produced by the models specified in section 6.3.1 will ultimately be evaluated 
on their economic significance, specifically the returns to betting strategies employing 
their predictions. In order to facilitate a comparison with previous literature, this thesis 
also reports the results of a number of statistical evaluation measures including 
calibration and the Brier score, together with a number of less sophisticated betting 
strategies. As explained previously, betting market inefficiency in an economic sense 
requires such strategies to yield positive returns, and thus it is necessary to implement 
optimal betting strategies that have the greatest chance of „beating the bookmaker‟. The 
optimal betting strategies proposed by this thesis are variations of decision rules based on 
the Kelly criterion, introduced in the following section.  
 
4.3 Introduction to the Kelly Criterion 
In order to evaluate the predictions of a forecaster, and determine if a market is efficient 
in an economic sense, a betting strategy that optimally exploits an advantage over the 
bookmaker is required. Utilising the Kelly (1956) criterion to determine the optimal bet 
size will maximise the value of a superior set of forecasts in the long run. It is this 
characteristic, first discovered by John L. Kelly, that motivates its use in, and 
endorsement by this thesis. The crucial factor is whether or not a set of forecasts does in 
fact have an advantage over the bookmaker. If it does, and proceeds are reinvested, the 
Kelly criterion is optimal;  
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When based on physically or objectively “true” probabilities, no other decision rule 
produces the same wealth over the long run. (Johnstone, 2007). 
 
The Kelly criterion, which maximises the expected value of the logarithm of wealth, or 
the expected long run average growth rate of a bettor‟s bankroll (see Kelly, 1956 and 
Breiman, 1961), has a number of well documented properties that make it appealing for 
applications in sports betting. For an extensive summary of the Kelly criterion‟s 
properties, refer to Maclean, Ziemba and Blazenko (1992). Possibly it‟s most basic, yet a 
highly attractive property, is that the Kelly strategy is a proportional strategy, whereby 
the optimal amount to wager is positively correlated with the perceived advantage over 
the bookmaker.  
 
The discovery and subsequent reporting of the Kelly criterion‟s numerous properties 
demonstrating its optimality have stimulated its practical implementation. For example, 
Bill Benter utilised the Kelly criterion to generate significant positive returns in the Hong 
Kong horse racing betting market (see Benter, 1994, 2003), and Edward Thorp did 
likewise playing Blackjack (see Thorp, 2000). As Thorp (2000) explains, however, 
practitioners are often reluctant to bet the full Kelly proportion due to the perceived 
frequency of substantial bankroll reductions being too high. As such, a fractional Kelly 
betting system, such as half Kelly, is often utilised in practice. Thorp (2000) demonstrates 
that when implementing a full Kelly betting strategy, the chance of losing a proportion of 
ones initial bankroll, x , is x , however under a half Kelly strategy, the equivalent 
probability is 3x . As such, the penalties for choosing too high a Kelly fraction, and 
overbetting are much more severe than those for choosing too low a fraction, and 
underbetting. As Grant (2008) showed, using a fractional Kelly strategy is analogous to 
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adjusting one‟s subjective probability towards the bookmaker‟s price implied probability. 
As such, a half Kelly bettor experiences significantly reduced volatility in his bankroll, 
yet preserves three quarters of their growth rate (Thorp, 2000). Betting more than the full 
Kelly fraction leads to a decline in the expected capital growth rate, and is therefore 
detrimental. 
 
Finally, it is important to note that the Kelly criterion is asymptotically optimal, meaning 
that the theoretical dominance of this capital growth strategy over any other is conditional 
on the sample size approaching infinity. A number of studies have sought to determine 
the number of trials required to realise the long-run dominance of the Kelly strategy in 
the presence of particular advantageous betting opportunities. The overriding conclusion 
of such studies (see for example Aucamp, 1993, and Li, 1993) is that the “long run” is 
considerably longer for risky strategies such as betting the full Kelly amount than for less 
risky strategies such as betting a fractional Kelly amount. As such, it is optimal for 
bettors with shorter betting horizons to adopt a less risky approach, and implement a 
fractional Kelly strategy. This finding helps to substantiate the observed preference for 
the half Kelly strategy in practical circumstances.  
 
 50 
5.  Data 
The primary data resource utilised by this study was sourced, and freely available to 
download from the UK football data site www.football-data.co.uk. Included in the dataset 
are a range of relevant match statistic and betting odds data on each fixture, covering all 
four divisions of English league soccer. In line with the estimation and prediction 
samples discussed above, and due to the existence of historical variables of up to two 
seasons prior, data pertaining to English Premier League and League Championship 
matches contested in seasons 2000-01 to 2007-08 was required for covariate construction.  
 
Match information provided by this resource includes the date of the match, the home 
and away teams contesting, their respective shots, shots on goal, half and full time goals, 
corners, fouls committed, offsides, and yellow and red cards. These statistics were used 
to construct the majority of variables detailed above.  
 
Betting odds data consists of home win, away win and draw odds from a selection of 
bookmakers including Bet365, Blue Square, Bet&Win, Gamebookers, Interwetten, 
Ladbrokes, Sporting Odds, Sportingbet, Stan James, Stanley Bet, VC Bet and William 
Hill. Furthermore, the best and average odds calculated from up to 70 bookmakers are 
included. Quoted odds from all bookmakers were collected at the same time prior to the 
start of each match, and thus are representative of bookmakers‟ offering a price for an 
identical „asset‟, or bet on the set of possible outcomes. Odds for weekend games were 
collected on Friday afternoons, and odds for midweek games on Tuesday afternoons.  
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Due to the structure of English league soccer, where teams are promoted and relegated 
between divisions based on season ending standings
3
, data for matches contested in both 
the Premier League and League Championship were required for the construction of 
lagged result and in-match statistical variables for Premier League fixtures. Additionally, 
information required to construct the Distance, FA Cup, Significant Incentive and 
Attendance variables was sourced from various online resources, as detailed in sections 
4.2.1.3 to 4.2.1.6.  
                                                 
3
  Refer to Appendix G for an explanation of the structure of English Professional League soccer. 
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6.  Results 
6.1  Weak Form Analysis 
6.1.1 Arbitrage Opportunities 
This thesis sought evidence of arbitrage opportunities in the 2280 English Premier 
League matches played in the 6 seasons from 2002-03 to 2007-08. The maximum odds 
for each outcome in a particular game, as provided by www.football-data.co.uk, were 
used to conduct the analysis. The results are presented in Table Two.  
  
Table Two – English Premier League Betting Market Arbitrage Opportunities  
2002-03 to 2007-08 
Season
Average No. of 
Bookmakers used to 
calculate Maximum Odds
Average Artificial Margin 
%
Arbitrage Opportunities
Average Arbitrage Return 
%
Maximum Arbitrage 
Return %
2002-03 7 6.19% 0 - -
2003-04 7 5.61% 0 - -
2004-05 7 4.85% 0 - -
2005-06 58 1.37% 33 3.44% 84.87%
2006-07 45 1.82% 26 2.87% 24.19%
2007-08 43 1.42% 25 0.54% 1.89%
 
Note: the obvious data discrepancy between the first three and last three seasons in regard to the 
number of bookmakers used to calculate the maximum odds is not necessarily representative of 
the number of bookmakers in the market. It merely reflects the richness of the dataset.  
 
A total of 85 arbitrage opportunities were discovered, representing 3.68% of total 
matches (or 7.36% of matches in the sub-sample of seasons 2005-06 to 2007-08, where 
the richer data set was utilised). The average arbitrage return was 2.40%. A closer 
inspection of the incidences of arbitrage opportunities revealed one telling insight into 
their timing and prevalence; 69% of them occurred during the first half of the season. A 
possible reason for this is that the variation in bookmaker forecasts is greatest in the 
beginning stages of the season, before information relevant to determining each teams 
form and quality can be impounded. These factors will likely have changed over the off-
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season, as a result of player or coach transfers and signings, and pre-season training, for 
example. The average and maximum arbitrage returns indicate clearly that the 
profitability of the available arbitrage opportunities is decreasing with time, possibly 
suggesting a shift towards efficiency. This finding is in line with the reasoning of 
Grossman and Stiglitz (1980), who argue that opportunities to generate abnormal returns 
through superior analysis are likely to be eliminated in time if markets become more 
efficient.  
 
In regard to the practical exploitability of the discovered arbitrage opportunities, there are 
a number of important considerations to note. Firstly, the maximum and average odds 
quoted in the data source from www.football-data.co.uk are taken from the online 
resource, www.betbrain.com. Bookmakers‟ odds were collected at the same time prior to 
the start of each match, and thus are representative of bookmakers‟ offering a price for an 
identical „asset‟, or bet. Odds for weekend games were collected on Friday afternoons, 
and on Tuesday afternoons for midweek games. The Betbrain website facilitates a 
straightforward comparison of the odds offered by an extensive number of bookmakers, 
the majority of which operate online. A casual internet search uncovers a number of 
similar websites providing free odds comparisons. These include 
www.englishsoccerbetting.net and www.odds.football-data.co.uk. As such, a cost 
involved with taking advantage of an arbitrage opportunity is the implicit cost associated 
with registering an account on the online websites offering the best available odds for 
each outcome. Furthermore, bookmakers may stipulate that maximum limitations apply 
to the wagered amount or winnings. William Hill, for example, has a daily maximum 
winning of £1 million for bets placed on English Premier League matches.  
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It is the opinion of this thesis that, for the above reasons, the arbitrage opportunities 
uncovered during the three seasons from 2005 to 2008 were exploitable, with only a 
relatively small cost involved. As such, the revealed existence of exploitable arbitrage 
opportunities provides the first piece of evidence against economic market efficiency at 
the weak level.  
 
6.1.2 Bookmaker Calibration 
This section reports the bookmaker odds calibration results, spanning the six seasons 
from 2002-03 to 2007-08. Table Three sets out the respective mean implied, and outcome 
probabilities for each decile. Figure One provides a graphical representation of these, 
including the number of observations in each implied probability decile range.  A season 
by season breakdown is presented in Appendix A.  
 
In an efficient betting market, implied probability would equal outcome probability. 
Following Kuypers (2000), a simple OLS regression was performed to test statistically 
whether this was the case. The estimated equation was: 
 
Mean Implied Probability   *  Mean Outcome Probability  [10] 
 
The results of this regression using the implied and outcome probability data of Table 
Three are presented in Table Four. In an efficient betting market, the coefficient   
should equal 1, meaning that implied probability equals outcome probability. This 
hypothesis could not be rejected at the 5% level of significance, suggesting that 
bookmaker odds are at least statistically well calibrated.  
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Table Three – Average Bookmaker Implied Probability versus Match 
Outcome Probability 2002-03 to 2007-08 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 195 8.05% 3.08%
15% 808 15.89% 12.38%
25% 2932 26.64% 25.89%
35% 1098 34.99% 33.79%
45% 773 44.58% 45.15%
55% 593 54.42% 62.06%
65% 253 64.58% 70.75%
75% 179 74.11% 78.77%
85% 9 81.61% 77.78%
95% 0 - -
 
 
Figure One – Average Bookmaker Implied Probability 
Consolidated Calibration 2002-03 to 2007-08 
Average Bookmaker Consolidated Calibration: 2002-03 to 2007-08
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Table Four – Implied versus Outcome Probability Regression 
Coefficient 0.90
t stat 19.04
Adjusted R squared 0.98
95% Lower Limit 0.7853
95% Upper Limit 1.0081  
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A visual inspection of Figure One, however, suggests that some evidence of a favourite-
longshot bias exists. In the first and second deciles, the probabilities implied by average 
bookmaker odds tend to overestimate outcome probabilities. In the sixth, seventh and 
eighth deciles, the probabilities implied by average bookmaker odds tend to 
underestimate outcome probabilities.  
 
In order to test the economic significance of this observation, the returns to a simple 
calibration based strategy were evaluated. Adopting the broad definition of efficiency, 
returns to calibration deciles should be consistently negative. Returns to the strategy of 
wagering a fixed amount on every outcome within a particular implied probability decile 
are reported in Table Five. 
 
Table Five – Calibration Betting Strategy Returns 2002-03 to 2007-08 
Implied Probability 
Decile Mid Point
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
5% 16 -33.93% -21.88% 25 17.43% 32.00% 28 -100.00% -100.00% 38 -71.97% -63.16% 39 -100.00% -100.00% 49 -78.27% -73.47% 195 -68.60% -62.82%
15% 119 -34.87% -27.10% 124 -34.56% -28.63% 129 -22.31% -14.65% 141 -48.13% -39.39% 140 -6.76% 7.18% 155 -31.33% -21.16% 808 -29.58% -20.41%
25% 507 -14.88% -10.81% 504 -3.03% 1.91% 491 -10.48% -6.11% 479 -19.84% -12.74% 484 -8.98% -2.53% 467 -14.41% -8.46% 2932 -11.87% -6.41%
35% 208 -12.76% -8.64% 183 -16.81% -12.43% 199 -11.56% -6.81% 184 -0.88% 8.02% 166 -13.50% -6.58% 158 -17.17% -11.17% 1098 -11.97% -6.20%
45% 124 -7.56% -3.55% 136 -16.50% -13.06% 130 -13.32% -9.40% 125 4.34% 11.54% 137 -8.92% -3.36% 121 -2.57% 3.34% 773 -7.64% -2.65%
55% 111 5.33% 9.52% 112 -5.39% -1.79% 94 4.08% 7.90% 93 8.28% 14.35% 89 -4.30% 0.54% 94 15.60% 21.03% 593 3.75% 8.36%
65% 40 -3.07% 0.17% 30 -6.97% -4.35% 41 -3.78% -0.41% 43 7.70% 18.58% 49 -1.88% 5.10% 50 3.54% 7.32% 253 -0.28% 5.04%
75% 15 -2.08% 0.37% 26 -5.00% -2.21% 28 -11.55% -9.43% 34 4.74% 8.94% 33 -6.67% -3.21% 43 -0.02% 3.12% 179 -3.04% 0.09%
85% 0 - - 0 - - 0 - - 3 -24.33% -21.00% 3 14.00% 17.00% 3 -26.33% -24.67% 9 -12.22% -9.56%
95% 0 - - 0 - - 0 - - 0 - - 0 - - 0 - - 0 - -
Average Margin
2006-07 2007-08 All Years2002-03 2003-04 2004-05 2005-06
8.24% 7.66% 9.00%10.34% 9.84% 9.30% 8.63%
  
Consistent with the calibration analysis above, returns to high implied probability deciles 
are, on average, considerably larger than returns to low implied probability deciles. This 
suggests that bookmakers, on average, quote odds that are more generous with respect to 
the chances of a strong longshot, when compared to those of a strong favourite. As such, 
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the calibration strategy results presented in Table Five are consistent with the average 
bookmaker calibration plot, providing further evidence of a favourite-longshot bias.  
 
An interesting finding of the calibration strategy analysis was the consistent profitability 
of betting on outcomes in the sixth decile, or with implied probabilities between 50% and 
60%. In four (five) of the six seasons analysed, betting at the average (maximum) odds 
yielded a positive return, reaching as high as 15.60% (21.03%) in the 2007-08 season. 
Over the entire six season sample period, this strategy produced returns of 3.75% and 
8.36% when betting at the average and maximum odds respectively, providing some 
evidence in favour of an economically profitable weak form inefficiency. The 
exploitability of this finding is examined further in section 6.1.3.  
 
6.1.2.1 The Average Margin 
A simple indicator of relative weak form market efficiency is the season average margin, 
or season average over-round, calculated using the following formula,  
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where havge , davge  and aavge  are the average odds quoted for home win, draw, and 
away win outcomes respectively for a particular match, and n is the total number of 
games in a season. To some extent, the average margin is indicative of the level of 
competition amongst bookmakers in a market. Over the six season sample period, the 
season average bookmaker margin for matches in the English Premier League decreased 
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from 10.34% to 7.66% (refer to Table Five), indicating a reduction in the bookmakers‟ 
take, and a shift towards efficiency. This statistic, however, doesn‟t say anything about 
any inherent biases in the forecasts implied by bookmaker odds. 
 
6.1.3 Exploiting the Strong Favourite Misestimation – A Kelly Betting 
Strategy 
 
In order to further investigate the exploitability of the apparent favourite-longshot bias, 
and more specifically the misestimation of strong favourites, or teams with implied 
probabilities above 50%, a Kelly betting strategy is implemented for implied probability 
deciles 6, 7 and 8, over seasons 2005-06 to 2007-08. In light of the consistent overpricing 
in the implied probability range of 50% to 80%, the subjective probability for each 
outcome in their respective decile is represented by an artificial probability equal to the 
recent historical outcome probability, observed in the previous three seasons. For 
example, the subjective probability assigned to all outcomes in the 6
th
 decile, or those 
with average bookmaker implied probabilities between 50% and 60% in the 2005-06 
season, is the observed probability for match outcomes in the equivalent decile in seasons 
2002-03 to 2004-05.  
 
The optimal Kelly bet proportion is then calculated using the following formula,  
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where if  is the proportion of one‟s bankroll to wager, ip  is the artificial probability of 
success assigned to outcome i, and ib  is the gross payoff to a one dollar wager on 
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outcome i, calculated using the average odds. A wager is only made under a Kelly betting 
strategy when if  is positive, or when, 
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 .     [13] 
 
If this inequality holds, the punter has a perceived advantage over the bookmaker and 
should place a bet on outcome i according to the proportion calculated in equation [12]. 
 
The results of the Kelly strategies are set out in Tables Six, Seven and Eight. The Kelly 
return is the season ending return, when bets are placed at either the average or maximum 
odds offered by bookmakers. The consolidated return generated over the entire three 
seasons is also provided. Positive returns are indicated in bold.  
 
Table Six – Exploiting the Strong Favourite Misestimation: 
 6
th
 Decile Kelly Strategy Results 
Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds
Artificial Probability 60.88% 60.88% 60.87% 60.87% 61.23% 61.23% - -
Bets Placed 56 56 56 56 68 68 180 180
Winning Bets 34 34 28 28 45 45 107 107
Losing Bets 22 22 28 28 23 23 73 73
Full Kelly Return 67.66% 121.68% -63.66% -57.40% 234.36% 355.71% 103.74% 330.38%
Half Kelly Return 34.67% 55.77% -36.72% -31.28% 93.35% 127.25% 64.78% 143.26%
Quarter Kelly Return 17.19% 26.24% -19.51% -16.06% 41.01% 53.15% 33.01% 62.28%
6th Decile - 50% to 60%
2005-06 2006-07 2007-08 2005-06 to 2007-08
 
Table Seven – Exploiting the Strong Favourite Misestimation: 
7
th
 Decile Kelly Strategy Results 
Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds
Artificial Probability 70.75% 70.75% 71.05% 71.05% 71.43% 71.43% - -
Bets Placed 17 17 30 30 35 35 82 82
Winning Bets 13 13 18 18 25 25 56 56
Losing Bets 4 4 12 12 10 10 26 26
Full Kelly Return 31.72% 42.32% -45.32% -34.91% -8.67% 5.14% -34.21% -2.61%
Half Kelly Return 15.33% 20.00% -23.98% -16.81% -0.76% 6.72% -12.99% 6.54%
Quarter Kelly Return 7.52% 9.70% -12.24% -8.12% 0.51% 4.30% -5.15% 5.13%
7th Decile - 60% to 70%
2005-06 2006-07 2007-08 2005-06 to 2007-08
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Table Eight – Exploiting the Strong Favourite Misestimation: 
8
th
 Decile Kelly Strategy 
Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds Average Odds Maximum Odds
Artificial Probability 75.36% 75.36% 78.41% 78.41% 77.89% 77.89% - -
Bets Placed 0 0 9 9 8 8 17 17
Winning Bets 0 0 6 6 7 7 13 13
Losing Bets 0 0 3 3 1 1 4 4
Full Kelly Return - - -3.00% -1.15% -0.35% 0.69% -3.34% -0.47%
Half Kelly Return - - -1.36% -0.41% -0.11% 0.42% -1.46% 0.01%
Quarter Kelly Return - - -0.64% -0.16% -0.04% 0.23% -0.68% 0.06%
2005-06 2006-07 2007-08
8th Decile - 70% to 80%
2005-06 to 2007-08
 
 
Consistent with the naïve calibration strategy returns in Table Five, the most profitable 
decile is the 6
th
. Kelly strategy returns in this decile, however, are also the most volatile, 
suggesting a high sensitivity to the predictability of results in any particular season. The 
2006-07 season appears to have been the most difficult to predict, and in this season the 
6
th
 decile experienced the worst losses. The Kelly strategy returns generated in 2005-06 
and 2007-08 – reaching as high as 355.71% – are significant. When considered in 
conjunction with the results reported in Table Five, there does appear to be a consistent 
and exploitable misestimation of the bookmaker implied probabilities for strong 
favourites, and as such, the Kelly strategy proposed here is likely to be profitable over the 
long term. This is especially true for teams with implied probabilities in the 6
th
 decile. 
Over the entire three season period from 2005-06 to 2007-08, betting the full, half and 
quarter Kelly fraction at both the average and maximum odds generated positive returns, 
as high as 330.38% in the case of betting the full Kelly strategy at the maximum odds.  
 
6.1.4 Simple Betting Strategies 
Seeking further evidence on the favourite-longshot, and other possible biases in 
bookmaker odds, this thesis examined the returns to a number of simple betting strategies, 
the results of which are presented in Table Nine. Each strategy involves placing one 
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dollar on the outcome of every match according to a specified criterion, or betting 
strategy, at the average or maximum quoted odds. Positive returns are indicated in bold.  
 
Table Nine – Returns to Simple Betting Strategies 2002-03 to 2007-08 
Betting Strategy
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bets
Mean 
Odds 
Return
Max 
Odds 
Return
Bet on Home Team 380 -2.47% 1.90% 380 -11.88% -7.84% 380 -7.93% -3.26% 380 3.58% 12.61% 380 0.76% 7.87% 380 -9.41% -3.34% 2280 -4.56% 1.32%
Bet on Draw 380 -21.31% -18.34% 380 -4.69% -0.73% 380 -0.73% 3.59% 380 -29.51% -24.22% 380 -10.63% -4.95% 380 -7.17% -0.72% 2280 -12.34% -7.56%
Bet on Away Team 380 -16.72% -10.46% 380 -14.06% -7.81% 380 -30.68% -26.15% 380 -20.01% -11.46% 380 -25.14% -17.21% 380 -27.84% -21.70% 2280 -22.41% -15.80%
Bet on Favourites 380 -6.32% -2.55% 380 -11.43% -7.98% 380 -7.58% -3.81% 379 1.03% 7.87% 379 -7.51% -2.14% 380 1.74% 6.92% 2278 -5.01% -0.28%
Bet on Longshots 380 -12.87% -6.01% 380 -14.51% -7.68% 380 -31.04% -25.59% 379 -17.65% -6.94% 379 -16.42% -6.69% 380 -38.99% -31.97% 2278 -21.92% -14.15%
Bet on Home Favourites 291 -2.46% 1.37% 291 -8.55% -5.02% 289 -6.37% -2.60% 284 2.17% 9.17% 286 -2.45% 2.79% 274 0.81% 5.91% 1715 -2.86% 1.87%
Bet on Home Longshots 89 -2.48% 3.60% 89 -22.80% -17.07% 91 -12.88% -5.35% 95 8.92% 24.07% 93 11.72% 24.67% 106 -35.84% -27.25% 563 -9.38% 0.01%
Bet on Away Favourites 89 -18.95% -15.37% 89 -20.85% -17.65% 91 -11.41% -7.67% 95 -2.37% 3.99% 93 -23.04% -17.29% 106 4.13% 9.56% 563 -11.56% -6.84%
Bet on Away Longshots 291 -16.04% -8.96% 291 -11.98% -4.80% 289 -36.75% -31.96% 284 -26.54% -17.32% 286 -25.57% -16.89% 274 -40.21% -33.80% 1715 -26.03% -18.81%
2006-07 2007-08 All Years2002-03 2003-04 2004-05 2005-06
 
 
Firstly, the significantly higher returns generated by the strategy of betting on favourites, 
when compared to longshots, confirms the existence of a favourite-longshot bias. 
Moreover, returns from betting on home teams are consistently higher than returns from 
betting on away teams, suggesting that the home ground advantage may be 
underestimated by bookmakers. In order to conclude on the true home ground advantage 
misestimation however, the inherent favourite-longshot bias must be accounted for by 
examining favourites and longshots separately. Consistently and significantly higher 
returns to the betting strategies that place bets on home favourites (longshots) when 
compared to away favourites (longshots), confirms that the home ground advantage is 
indeed underestimated by bookmakers. This result is in contrast to that of Vlastakis, 
Dotsis and Markellos (2007), who found a consistent overestimation of the home ground 
advantage. The joint effect of the home ground advantage underestimation and favourite-
longshot bias revealed by this thesis is therefore named the “home-favourite” bias. 
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Not surprisingly, the home-favourite strategy, which exploits both the favourite-longshot 
bias and the home ground advantage underestimation generates the highest returns in the 
majority of seasons. Conversely, the away-longshot strategy performs consistently worst 
of the simple strategies analysed.  
 
The weak form analysis in this section reveals some interesting findings with regard to 
the efficiency of the English Premier League betting market. Most notably, evidence 
from the statistical and economic calibration analysis uncovered the existence of a 
persistent favourite-longshot bias. A simple strategy, utilising the Kelly criterion and only 
information contained in past prices and outcome frequencies was able to successfully 
exploit this bookmaker inefficiency. Furthermore, evidence supporting the consistent 
underestimation of the home ground advantage was presented. As such, the results 
presented in this section provide strong opposition to the hypotheses of both statistical 
and economic weak form efficiency of the English Premier League betting market during 
the period 2002 to 2008.  
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6.2 Semi-Strong Form Analysis  
6.2.1 Model Construction and Estimation 
The discussion in section 4.2.1 resulted in the construction of 109 explanatory variables 
proposed to contribute to the prediction of the outcome of a soccer match, all of which 
can be observed prior to match commencement. In regard to the selection of variables for 
inclusion, the logical first step was to construct the Forrest, Goddard and Simmons 
(2005)
4
 benchmark model, referred to as Model 1 in this thesis. The ordered probit 
regression estimation results for Model 1, containing its parameter estimates and their 
corresponding t-statistics, are set out in Table Ten. The dependent variable is the 
observed match outcome, where home win = 2, draw = 1 and away win = 0. As such, 
positive coefficients indicate an increased probability of the home team winning, and 
negative coefficients indicate an increased probability of the away team winning. 
Variables that are significant in explaining match outcomes are characterised by: *** = 
1% level; ** = 5% level; * = 10% level.  
 
 
 
 
 
 
 
 
                                                 
4
  There are slight differences between some of the variables used in Forrest, Goddard and 
Simmons (2005), and in this thesis, due to computational and interpretational difficulties, among other 
reasons. For a clarification refer to the explanation of variables in section 4.2.1, and Forrest, Goddard 
and Simmons (2005). 
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Table Ten – Model  1 Ordered Probit Estimation Results 
Model 1: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.083 -0.277 0.702 ** 2.395 0.362 1.275
2.003 *** 3.648 1.239 ** 2.316 1.508 *** 3.026
0.256 0.517 0.971 ** 2.044 0.720 1.496
1.067 *** 2.905 0.790 ** 2.228 0.948 *** 2.710
0.281 0.806 0.389 1.141 -0.027 -0.074
-0.218 -0.707 -0.849 *** -2.825 -0.854 *** -2.983
-1.963 *** -3.640 -1.512 *** -2.901 -1.312 *** -2.725
-0.622 -1.269 -0.372 -0.791 -0.791 * -1.685
-1.223 *** -3.310 -0.949 *** -2.651 -0.975 *** -2.790
-0.264 -0.754 -0.110 -0.320 -0.385 -1.043
Recent Match Outcomes
0.061 0.675 -0.014 -0.153 0.018 0.194
-0.079 -0.890 -0.190 ** -2.130 -0.132 -1.472
0.166 * 1.877 0.023 0.260 -0.011 -0.123
0.075 0.854 -0.029 -0.330 -0.131 -1.468
0.084 0.961 0.127 1.455 0.034 0.383
0.050 0.568 -0.016 -0.186 0.005 0.055
0.051 0.587 0.110 1.255 0.086 0.966
0.006 0.067 0.085 0.985 0.022 0.252
-0.141 -1.595 -0.172 * -1.944 0.024 0.265
0.224 ** 2.395 0.046 0.495 0.122 1.291
-0.140 -1.555 -0.117 -1.261 -0.174 * -1.856
0.071 0.792 -0.073 -0.804 -0.044 -0.489
0.048 0.540 -0.034 -0.384 0.028 0.305
0.026 0.278 -0.019 -0.199 -0.032 -0.339
-0.056 -0.615 -0.056 -0.603 0.032 0.352
-0.046 -0.516 -0.169 * -1.881 -0.042 -0.477
0.042 0.478 0.131 1.477 0.093 1.036
-0.072 -0.828 0.030 0.338 0.054 0.601
-0.017 -0.194 -0.067 -0.761 -0.012 -0.131
-0.136 -1.574 -0.132 -1.527 -0.086 -0.987
0.088 1.020 0.183 ** 2.094 0.175 ** 1.976
0.113 1.295 0.006 0.074 -0.036 -0.408
-0.176 * -1.896 -0.095 -1.001 0.034 0.364
-0.028 -0.317 0.089 0.989 0.037 0.406
0.001 0.012 0.123 1.367 0.117 1.277
0.154 * 1.720 0.127 1.415 0.074 0.826
Elimination From the FA Cup
0.071 0.650 -0.080 -0.739 -0.053 -0.500
-0.038 -0.346 0.183 * 1.665 0.180 * 1.658
Distance Between Home Grounds
0.028 0.855 0.054 1.640 0.083 * 2.572
Crowd Attendance Relative to League Position
-0.053 -0.637 -0.115 -1.428 -0.215 -2.138
0.063 0.616 -0.035 -0.349 -0.053 -0.522
-0.023 -0.280 0.070 0.867 0.189 1.903
-0.072 -0.714 -0.052 -0.523 -0.097 -0.973
Significant Incentive Indicator
0.300 1.259 0.261 1.082 0.250 1.055
-0.329 -1.213 -0.282 -0.888 -0.470 -1.612
Model Statistics
Pseudo R-squared 0.076 Pseudo R-squared 0.093 Pseudo R-squared 0.097
Likelihood Ratio 185.26 Likelihood Ratio 224.09 Likelihood Ratio 233.24
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 1. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Acknowledging that the Forrest, Goddard and Simmons (2005) model may not be the 
optimal model in terms of the profitability of betting strategies using its forecasts, this 
thesis estimated a number of alternate models in search of the „best‟ model. In line with 
the discussion in section 4.2.3, the models‟ forecasts will be evaluated both statistically 
and economically, however the ultimate conclusion of the best model will be based on 
the Kelly strategy returns reported in section 6.3.5. Model 2 provides a simplification on 
the Forrest, Goddard and Simmons (2005) model (Model 1 in this thesis), limiting the 
memory of lagged historical explanatory variables to the previous season, and reducing 
the number of lagged recent match outcome variables to four.
5
 The estimation results of 
Model 2 are presented in Table Eleven. 
 
The data obtained for use in this thesis facilitated the construction of a number of lagged 
in-match statistic based variables, as outlined in section 4.2.1.7 above. They include 
average goals, shots, shots on target, fouls and points over the previous five or ten, home 
or away matches. A number of models utilising these variables were estimated in order to 
analyse whether their inclusion was able to increase the accuracy and profitability of 
forecasts utilising variables based solely on the Forrest, Goddard and Simmons (2005) 
model. Models with a five match home and away memory appear to have superior 
predictive accuracy and produce superior profits when compared to any other 
specifications.
6
 As such, this thesis reports the results of Model 3, which has a five game 
                                                 
5
  A number of other models utilising various combinations of the Forrest Goddard and 
Simmons (2005) variables were estimated, and yielded both statistical and economic results that were 
not materially different or superior. The estimation results of one of these, Model 6, are reported in 
Appendix B1. Model 6 utilises additional recent match result variables such that the home (away) 
team‟s ten most recent home (away) matches and ten most recent away (home) matches are considered.  
6
  Various models incorporating these variables were estimated. The results of two of these, 
Models 7 and 8, are set out in Appendix B2 and B3 respectively. Model 7 has a 10 game memory. 
Model 8 utilises a similar structure to Model 1, incorporating more of a home (away) teams home 
(away) form, than its away (home) form, with a 10 game memory for the home (away) teams most 
recent home (away) games and a 5 game memory for the home (away) teams most recent away 
(games).  
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memory for both the in-match statistic and match outcome variables. Refer to Table 
Twelve for the estimation results of Model 3.  
 
The final two models reported in this thesis, Model 4 and Model 5, are Model 1 and 2 
respectively, with the added lagged in-match statistic variables; average goals, shots and 
shots on target over the previous five matches. Supplementary model estimations 
revealed that the combination of these three in-match statistic variables produced the 
highest levels of predictive accuracy and profits under the Kelly strategies. As such, it 
was of interest to evaluate whether their addition strengthened the statistical accuracy and 
economic profitability of the predictions of Models 1 and 2.  Table Thirteen and Fourteen 
contain the estimation output for Models 4 and 5 respectively.  
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Table Eleven – Model 2 Ordered Probit Estimation Results 
 
Model 2: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.016 -0.056 0.671 ** 2.380 0.435 1.586
2.041 *** 4.907 2.107 *** 5.141 2.165 *** 5.726
1.072 *** 3.292 1.039 *** 3.182 0.971 *** 3.186
-0.250 -0.841 -0.849 *** -2.970 -0.849 *** -3.121
-2.299 *** -5.715 -1.728 *** -4.479 -1.635 *** -4.555
-1.250 *** -3.877 -0.953 *** -2.999 -0.925 *** -3.104
Recent Match Outcomes
0.061 0.690 0.000 -0.002 0.038 0.425
-0.076 -0.867 -0.170 * -1.932 -0.109 -1.228
0.157 * 1.793 0.026 0.288 -0.007 -0.083
0.079 0.902 -0.016 -0.181 -0.111 -1.255
0.195 ** 2.113 0.048 0.525 0.128 1.371
-0.141 -1.586 -0.121 -1.325 -0.174 * -1.873
0.055 0.625 -0.068 -0.764 -0.036 -0.405
0.058 0.659 -0.030 -0.339 0.022 0.245
0.027 0.300 -0.014 -0.156 -0.032 -0.344
-0.051 -0.568 -0.048 -0.523 0.028 0.305
-0.060 -0.669 -0.171 * -1.927 -0.062 -0.706
0.037 0.421 0.114 1.299 0.086 0.971
-0.183 ** -1.977 -0.081 -0.870 0.036 0.390
-0.039 -0.434 0.065 0.730 0.022 0.242
-0.009 -0.102 0.127 1.428 0.102 1.123
0.161 * 1.820 0.148 * 1.664 0.078 0.877
Elimination From the FA Cup
0.055 0.506 -0.094 -0.877 -0.080 -0.756
-0.018 -0.167 0.198 * 1.830 0.182 * 1.701
Distance Between Home Grounds
0.026 0.791 0.053 1.631 0.081 ** 2.521
Crowd Attendance Relative to League Position
-0.050 -0.624 -0.146 * -1.823 -0.253 * -2.563
-0.025 -0.315 0.077 0.962 0.175 * 1.788
Significant Incentive Indicator
0.316 1.342 0.233 0.973 0.218 0.926
-0.308 -1.145 -0.255 -0.815 -0.407 -1.414
Model Statistics
Pseudo R-squared 0.071 Pseudo R-squared 0.083 Pseudo R-squared 0.089
Likelihood Ratio 171.55 Likelihood Ratio 201.43 Likelihood Ratio 213.27
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 2. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Table Twelve – Model 3 Ordered Probit Estimation Results 
Model 3: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.020 -0.066 0.581 * 1.953 0.299 1.037
2.084 *** 3.534 1.613 *** 2.870 1.218 ** 2.338
0.052 0.100 0.852 * 1.736 0.614 1.222
1.119 *** 2.854 1.028 *** 2.761 0.715 ** 1.993
0.203 0.561 0.316 0.892 -0.169 -0.432
-0.269 -0.863 -0.864 *** -2.860 -0.866 *** -3.025
-1.459 ** -2.526 -1.042 * -1.930 -0.862 * -1.733
-0.602 -1.172 -0.018 -0.037 -0.373 -0.763
-0.877 ** -2.261 -0.656 * -1.808 -0.687 ** -1.961
-0.276 -0.756 0.133 0.376 -0.062 -0.160
Recent Match Outcomes
0.054 0.558 -0.001 -0.012 -0.032 -0.326
-0.083 -0.886 -0.191 ** -2.025 -0.200 ** -2.090
0.182 * 1.931 0.055 0.576 -0.050 -0.517
0.117 1.248 -0.015 -0.158 -0.179 * -1.873
0.113 1.204 0.178 * 1.888 -0.023 -0.243
0.243 ** 2.429 0.065 0.655 0.079 0.771
-0.112 -1.161 -0.090 -0.906 -0.218 ** -2.142
0.066 0.707 -0.077 -0.803 -0.095 -0.974
0.042 0.444 -0.049 -0.508 -0.060 -0.614
-0.036 -0.389 0.035 0.372 0.068 0.707
0.079 0.808 0.056 0.555 0.008 0.082
-0.037 -0.378 -0.020 -0.205 0.070 0.713
-0.044 -0.464 -0.142 -1.494 -0.029 -0.304
0.031 0.331 0.144 1.529 0.063 0.659
-0.076 -0.831 0.048 0.512 0.058 0.603
-0.157 -1.570 -0.099 -0.989 0.069 0.690
0.008 0.080 0.096 1.009 0.085 0.879
0.018 0.192 0.092 0.953 0.106 1.080
0.203 ** 2.143 0.118 1.240 0.117 1.215
-0.020 -0.211 -0.049 -0.504 0.038 0.391
Elimination From the FA Cup
0.070 0.626 -0.101 -0.909 -0.095 -0.866
-0.057 -0.509 0.241 ** 2.151 0.212 * 1.899
Distance Between Home Grounds
0.027 0.818 0.051 1.512 0.081 ** 2.446
Crowd Attendance Relative to League Position
-0.089 -1.029 -0.146 * -1.737 -0.270 *** -2.597
0.027 0.252 -0.040 -0.392 -0.090 -0.865
-0.056 -0.640 0.096 1.138 0.193 * 1.878
-0.042 -0.391 -0.006 -0.057 -0.109 -1.045
Significant Incentive Indicator
0.307 1.277 0.172 0.697 0.213 0.886
-0.348 -1.268 -0.179 -0.559 -0.497 * -1.691
Recent Lagged In-Match Statistics
-0.080 -0.908 -0.074 -0.825 0.071 0.761
0.027 0.920 0.037 1.266 0.063 ** 2.141
-0.023 -0.551 -0.056 -1.235 -0.062 -1.316
-0.014 -0.656 0.022 0.986 -0.020 -0.951
0.002 0.277 -0.001 -0.121 0.009 1.298
-0.133 -1.304 -0.038 -0.356 0.152 1.303
0.001 0.040 0.011 0.308 0.016 0.450
0.051 0.976 0.013 0.243 -0.014 -0.247
0.024 1.210 -0.011 -0.512 -0.031 -1.541
-0.010 * -1.821 -0.009 -1.629 -0.005 -0.978
-0.022 -0.220 -0.032 -0.313 0.090 0.785
-0.082 ** -2.445 -0.074 ** -2.065 -0.076 ** -2.061
0.062 1.198 0.037 0.688 0.018 0.324
0.019 0.944 0.003 0.133 -0.017 -0.860
-0.001 -0.264 0.009 1.595 0.004 0.697
0.002 0.020 0.098 1.095 -0.009 -0.095
0.059 ** 1.992 0.001 0.033 0.021 0.708
-0.128 *** -2.950 -0.056 -1.214 -0.067 -1.454
-0.005 -0.209 0.019 0.826 0.037 * 1.719
-0.001 -0.205 0.000 0.068 -0.005 -0.737
Model Statistics
Pseudo R-squared 0.086 Pseudo R-squared 0.100 Pseudo R-squared 0.111
Likelihood Ratio 207.71 Likelihood Ratio 241.29 Likelihood Ratio 266.33
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 3. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Table Thirteen – Model 4 Ordered Probit Estimation Results 
Model 4: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.039 -0.127 0.689 ** 2.326 0.297 1.032
2.148 *** 3.669 1.483 *** 2.638 1.317 ** 2.548
-0.045 -0.087 0.833 * 1.709 0.556 1.120
1.150 *** 2.924 0.934 ** 2.495 0.776 ** 2.147
0.112 0.311 0.330 0.936 -0.158 -0.408
-0.296 -0.945 -0.948 *** -3.103 -0.847 *** -2.948
-1.497 * -2.586 -1.196 ** -2.178 -0.927 * -1.855
-0.692 -1.352 -0.097 -0.202 -0.421 -0.869
-0.920 ** -2.321 -0.772 ** -2.058 -0.753 ** -2.092
-0.349 -0.963 0.041 0.117 -0.121 -0.315
Recent Match Outcomes
0.048 0.497 -0.005 -0.056 -0.028 -0.286
-0.079 -0.850 -0.195 ** -2.065 -0.199 ** -2.069
0.163 * 1.741 0.043 0.449 -0.047 -0.487
0.101 1.079 -0.014 -0.148 -0.171 * -1.793
0.111 1.177 0.171 * 1.818 -0.020 -0.205
0.034 0.384 -0.022 -0.246 -0.004 -0.043
0.044 0.502 0.106 1.189 0.061 0.677
-0.010 -0.117 0.083 0.943 0.031 0.346
-0.136 -1.519 -0.163 * -1.825 0.019 0.209
0.259 *** 2.622 0.056 0.573 0.047 0.467
-0.112 -1.170 -0.108 -1.092 -0.220 ** -2.178
0.078 0.831 -0.083 -0.868 -0.117 -1.208
0.049 0.517 -0.048 -0.500 -0.060 -0.615
0.085 0.869 0.045 0.441 -0.006 -0.064
-0.037 -0.385 -0.009 -0.093 0.076 0.779
-0.034 -0.352 -0.129 -1.348 -0.021 -0.221
0.051 0.554 0.152 1.615 0.086 0.885
-0.071 -0.771 0.045 0.483 0.057 0.590
-0.007 -0.075 -0.060 -0.684 0.005 0.058
-0.111 -1.242 0.029 0.320 -0.043 -0.470
0.061 0.698 0.178 ** 2.020 0.154 * 1.720
0.117 1.332 0.025 0.280 -0.029 -0.318
-0.143 -1.447 -0.086 -0.869 0.067 0.687
0.003 0.035 0.087 0.917 0.057 0.596
0.026 0.285 0.110 1.160 0.109 1.125
0.198 ** 2.106 0.120 1.264 0.113 1.175
Elimination From the FA Cup
0.079 0.709 -0.079 -0.721 -0.091 -0.838
-0.029 -0.257 0.192 * 1.723 0.207 * 1.863
Distance Between Home Grounds
0.029 0.883 0.056 * 1.676 0.081 ** 2.461
Crowd Attendance Relative to League Position
-0.085 -0.993 -0.121 -1.472 -0.228 ** -2.223
0.041 0.390 -0.053 -0.521 -0.061 -0.587
-0.052 -0.601 0.072 0.861 0.190 * 1.859
-0.035 -0.336 -0.017 -0.170 -0.096 -0.937
Significant Incentive Indicator
0.305 1.274 0.229 0.940 0.239 0.997
-0.324 -1.189 -0.236 -0.734 -0.470 -1.598
Recent Lagged In-Match Statistics
-0.048 -0.557 -0.065 -0.736 0.095 1.042
0.027 0.930 0.025 0.858 0.063 ** 2.135
-0.028 -0.670 -0.046 -1.017 -0.070 -1.496
-0.135 -1.381 -0.038 -0.388 0.179 1.640
-0.001 -0.036 0.015 0.427 0.034 0.945
0.057 1.102 0.012 0.236 -0.028 -0.503
-0.012 -0.125 -0.022 -0.222 0.058 0.512
-0.084 ** -2.503 -0.076 ** -2.142 -0.073 ** -1.993
0.063 1.218 0.033 0.622 0.020 0.348
0.004 0.045 0.061 0.711 -0.004 -0.050
0.058 ** 1.989 -0.010 -0.330 0.009 0.307
-0.125 *** -2.918 -0.040 -0.873 -0.053 -1.163
Model Statistics
Pseudo R-squared 0.086 Pseudo R-squared 0.100 Pseudo R-squared 0.108
Likelihood Ratio 208.18 Likelihood Ratio 242.61 Likelihood Ratio 259.15
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 4. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Table Fourteen – Model 5 Ordered Probit Estimation Results 
Model 5: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
0.038 0.130 0.652 ** 2.287 0.330 1.185
1.937 *** 4.187 2.181 *** 4.779 1.837 *** 4.357
1.066 *** 3.020 1.123 *** 3.185 0.739 ** 2.272
-0.321 -1.063 -0.897 *** -3.077 -0.800 *** -2.900
-1.825 *** -4.104 -1.138 *** -2.640 -1.013 ** -2.509
-0.951 *** -2.743 -0.644 * -1.890 -0.603 * -1.889
Recent Match Outcomes
0.037 0.388 -0.005 -0.053 0.002 0.016
-0.087 -0.943 -0.200 ** -2.160 -0.172 * -1.844
0.150 1.630 0.028 0.296 -0.028 -0.299
0.084 0.910 -0.021 -0.223 -0.147 -1.574
0.228 ** 2.345 0.054 0.551 0.045 0.451
-0.118 -1.245 -0.111 -1.133 -0.229 ** -2.293
0.067 0.727 -0.072 -0.764 -0.116 -1.215
0.056 0.607 -0.039 -0.409 -0.070 -0.724
0.089 0.934 0.044 0.446 -0.019 -0.190
-0.021 -0.224 -0.008 -0.083 0.064 0.663
-0.041 -0.440 -0.139 -1.476 -0.048 -0.509
0.047 0.513 0.141 1.517 0.074 0.784
-0.151 -1.549 -0.079 -0.816 0.061 0.633
-0.007 -0.074 0.065 0.696 0.043 0.459
0.018 0.201 0.107 1.134 0.091 0.948
0.205 ** 2.191 0.142 1.523 0.110 1.163
Elimination From the FA Cup
0.079 0.717 -0.089 -0.824 -0.113 -1.042
-0.020 -0.185 0.196 * 1.793 0.206 * 1.884
Distance Between Home Grounds
0.026 0.794 0.054 * 1.647 0.078 ** 2.412
Crowd Attendance Relative to League Position
-0.079 -0.955 -0.147 * -1.805 -0.257 ** -2.554
-0.042 -0.499 0.078 0.952 0.172 * 1.717
Significant Incentive Indicator
0.311 1.309 0.218 0.900 0.221 0.930
-0.322 -1.189 -0.228 -0.722 -0.431 -1.487
Recent Lagged In-Match Statistics
-0.024 -0.299 -0.006 -0.079 0.067 0.809
0.031 1.130 0.035 1.249 0.062 ** 2.143
-0.029 -0.699 -0.058 -1.289 -0.062 -1.349
-0.123 -1.282 -0.043 -0.437 0.210 * 1.953
0.000 0.012 0.024 0.703 0.038 1.070
0.053 1.026 0.007 0.124 -0.034 -0.608
-0.022 -0.235 -0.015 -0.158 0.084 0.794
-0.081 ** -2.441 -0.075 ** -2.141 -0.077 ** -2.131
0.054 1.046 0.034 0.640 0.023 0.406
0.013 0.160 0.079 0.947 0.013 0.160
0.052 * 1.822 -0.004 -0.135 0.015 0.524
-0.122 *** -2.912 -0.051 -1.126 -0.067 -1.483
Model Statistics
Pseudo R-squared 0.081 Pseudo R-squared 0.093 Pseudo R-squared 0.102
Likelihood Ratio 196.55 Likelihood Ratio 224.10 Likelihood Ratio 244.17
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 5. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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The ordered probit estimation results are comparable to those in Forrest, Goddard and 
Simmons (2005) Goddard and Asimakopoulos (2004), and Goddard (2005). The 
estimated coefficients generally possess the correct sign, with exceptions generally 
found in the Recent Match Outcome variables. An inspection of the output tables for 
Models 3 and 7 reveals that the Fouls and Points variables are neither consistently 
positive, nor negative, suggesting that they are of limited assistance in the prediction of 
match outcomes. The Historical Win Ratio variables appear to be consistently important 
in the prediction of match outcomes, as evidenced by their recurrent significance. This 
suggests that there is a strong persistence in the results of a particular team both within 
the current season, and from previous seasons.  
 
The asymptotically chi-squared distributed likelihood ratio statistic is used to test the 
joint hypothesis that none of the parameters contain any explanatory power. The 
corresponding prob-values indicate the statistical significance of this ratio in all models 
and estimation periods, leading to a rejection of the above hypothesis in favour of joint 
significance. The pseudo R-squared, or the likelihood ratio index (Greene, 2008), 
provides an estimation of the overall explanatory power, or goodness of fit, of the ordered 
probit model. It ranges from 0.071 to 0.111 in the specified models.  
 
6.2.2 Brier’s Quadratic Probability Score  
The statistical accuracy of a set of probability predictions can be measured by the Brier 
Score (see Brier, 1950 and Boulier & Steckler, 2003). The Brier Score is a Mean Square 
Error (MSE) based accuracy measure, which evaluates the correlation between a set of 
probability forecasts and the outcome of a binary event. The Brier Score for a set of home 
win probability forecasts is given by, 
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where jiO , = 1 if the home team i won the match against away team j, jif ,  is the 
probability forecast for home win, and N is the number of forecasted matches. 
Corresponding definitions measure the accuracy of draw and away win forecasts. The 
Brier Score lies between 0 and 1, with a score of 0 representing perfect forecast accuracy, 
and 1 representing perfect inaccuracy. As Lahiri and Wang (2007) explain, the Brier 
score is not an ideal measure of forecasting performance, as it can fail to assess the 
chances that an outcome occurs against its non-occurrence. As such, the Brier Score may 
not reveal vital characteristics of a set of probability forecasts, especially those necessary 
for determining their usefulness as the basis of a profitable betting strategy, for example.  
 
Table Twelve outlines the Brier scores for the probabilistic forecasts of the five specified 
models of this thesis, and those implied by the average and maximum quoted bookmaker 
odds. In order to further evaluate the forecasting performance of these sets of predictions, 
the Brier Scores from a number of relatively naïve strategies are also reported. The naïve 
strategies consist of assigning predictions for home wins, draws and away wins with 
constant probabilities of 1/3: 1/3: 1/3, 0.4: 0.2: 0.4 and 0.5: 0.25: 0.25 respectively in 
every match. The final naïve strategy predicts outcomes at their previous season‟s 
observed frequency. Therefore, if in the previous season, 45% of games were won by the 
home team, this is the probability forecast assigned to all home teams in the current 
season. If they are to be considered skilful forecasters at the most fundamental level, the 
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models specified by this thesis should outperform the naive strategies as measured by 
their Brier Scores. The Brier Scores are presented in Table Fifteen.  
 
Table Fifteen – Model, Bookmaker, and Naïve Strategy Brier Scores 2005-06 to 2007-08 
Brier Scores
Home Draw Away Home Draw Away Home Draw Away Home Draw Away
Model 1 0.2295 0.1648 0.1866 0.2279 0.1905 0.1740 0.2156 0.1941 0.1610 0.2243 0.1831 0.1739
Model 2 0.2282 0.1651 0.1852 0.2227 0.1901 0.1714 0.2127 0.1938 0.1625 0.2212 0.1830 0.1730
Model 3 0.2332 0.1660 0.1919 0.2247 0.1898 0.1748 0.2118 0.1954 0.1611 0.2232 0.1837 0.1759
Model 4 0.2303 0.1651 0.1908 0.2270 0.1897 0.1754 0.2138 0.1946 0.1611 0.2237 0.1832 0.1757
Model 5 0.2278 0.1654 0.1871 0.2220 0.1892 0.1724 0.2118 0.1943 0.1629 0.2205 0.1830 0.1741
Average Bookmaker Odds 0.2166 0.1654 0.1732 0.2243 0.1899 0.1663 0.2003 0.1915 0.1557 0.2137 0.1823 0.1651
Maximum Bookmaker Odds 0.2158 0.1662 0.1727 0.2240 0.1901 0.1659 0.1987 0.1910 0.1543 0.2128 0.1825 0.1643
Naïve 1 - 1/3: 1/3: 1.3 0.2795 0.1787 0.2085 0.2708 0.1971 0.1988 0.2655 0.1988 0.2023 0.2719 0.1915 0.2032
Naïve 2 - 0.4: 0.2: 0.4 0.2611 0.1616 0.2184 0.2558 0.1947 0.2126 0.2526 0.1979 0.2147 0.2565 0.1847 0.2153
Naïve 3 - 0.5: 0.25: 0.25 0.2500 0.1638 0.2086 0.2500 0.1914 0.1941 0.2500 0.1941 0.1993 0.2500 0.1831 0.2007
Naïve 4 - Previous Season Frequency 0.2525 0.1691 0.2081 0.2502 0.1944 0.1947 0.2489 0.1939 0.1989 0.2505 0.1858 0.2006
2005-06 2006-07 2007-08 All Years
 
 
The predictions implied by bookmaker odds are generally slightly more accurate than 
those of this thesis‟ models. In the 2005-06 and 2006-07 seasons, a number of the 
specified models outperformed the bookmakers in their prediction of draws. On the 
whole however, the evidence indicates that bookmakers‟ implied probabilities provide 
systematically more accurate forecasts than the models specified in this thesis. This result 
contradicts that of Forrest, Goddard and Simmons (2005), who found no difference 
between the forecasting performance of their benchmark model and bookmaker implied 
probabilities. The models specified here, however, perform consistently better (evidenced 
by a lower Brier score) than the benchmark model of Forrest, Goddard and Simmons 
(2005). Of the specified models, the simple Models, 2 and 5, generally predict with the 
greatest accuracy.  
 
Consistent with the finding of Forrest, Goddard and Simmons (2005), it is clear that both 
the bookmakers and the specified models predict draws with the greatest accuracy, and 
home wins with the least accuracy according to the Brier score. This is not surprising, 
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and can be explained somewhat by the variability of predictions. The “home ground” 
effect would suggest that home teams are, and should be predicted with greater variation 
than away teams. Furthermore, the prediction of draws by bookmakers and the models 
rarely differs substantially from its relatively low long run frequency, and thus the 
superior predictive performance of this outcome is also to be expected.  
 
The performance of the naïve strategies was relatively good, considering the distinct lack 
of information required to generate their respective probability forecasts. This result gives 
weight to the argument of Lahiri and Wang (2007), that a high performance score is not 
necessarily indicative of a highly skilful forecaster, privy to a high level of information, if 
any. Unsurprisingly though, the naïve strategies are all significantly outperformed for 
home and away wins in every season. Infrequently, one of these naïve strategies forecasts 
draws more accurately than the bookmakers and/ or models in a particular season. It can 
safely be concluded, however, that both the specified models‟ and bookmaker forecasts 
are made with a considerable level of skill, evidenced by the fact that they can 
consistently outperform a number of (albeit) naïve forecasting systems.  
 
6.2.3 Model Calibration 
In order to further examine the statistical accuracy of their probabilistic predictions, 
calibration plots, of identical structure to Figure One, were constructed for each of this 
thesis‟ specified models. They are presented in Figures Two through Six below. Figure 
Seven provides the corresponding plot for average implied bookmaker odds, to facilitate 
a direct comparison of forecast accuracy. A season by season breakdown of the models 
calibrations are presented in Appendix C.  
 
 75 
Figure Two – Model 1 Forecast Calibration 2005-06 to 2007-08 
Model 1 - Consolidated Calibration: 2005-06 to 2007-08
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Figure Three – Model 2 Forecast Calibration 2005-06 to 2007-08 
Model 2 - Consolidated Calibration: 2005-06 to 2007-08
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Figure Four – Model 3 Forecast Calibration 2005-06 to 2007-08 
Model 3 - Consolidated Calibration: 2005-06 to 2007-08
0
0.2
0.4
0.6
0.8
1
0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95
Category Mid Point
M
o
d
el
/ 
O
u
tc
o
m
e 
P
ro
b
a
b
il
it
y
Model Probability
Outcome Probability
45° Line507
264
170
244
329
644
1046
68
133
15
 
 76 
 
Figure Five – Model 4 Forecast Calibration 2005-06 to 2007-08 
Model 4 - Consolidated Calibration: 2005-06 to 2007-08
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Figure Six – Model 5 Forecast Calibration 2005-06 to 2007-08 
Model 5 - Consolidated Calibration: 2005-06 to 2007-08
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Figure Seven – Average Bookmaker Odds Implied Probability 
Consolidated Calibration 2005-06 to 2007-08 
Average Bookmaker Consolidated Calibration: 2005-06 to 2007-08
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On the whole, the models specified in this thesis appear to be well calibrated, and at least 
as accurate as the average bookmaker implied forecasts. Interestingly, and in contrast to 
the average bookmaker calibration, there is some evidence that the models tend to 
overestimate the chances of strong favourites, evidenced by a consistent model 
probability which is higher than outcome probability in the 7
th
, 8
th
, and 9
th
 deciles, or 
between predicted probabilities of 60% to 90%. This is particularly apparent in Models 3, 
4 and 5. Of the specified models, the relatively simple models, 2 and 5, appear to exhibit 
the best calibration, closely followed by Model 1. This result is consistent with the 
analysis of Brier scores in the preceding section.  
 
It is important to note here that having well calibrated forecasts is a desirable, but not 
necessarily required property of a skilful forecaster, and more importantly, one who can 
utilise their predictions to generate profits in the long run. DeGroot (1979) explains that a 
relatively unskilled forecaster can achieve a well calibrated set of predictions simply by 
quoting probabilities that do not reflect his true probabilities, but rather reconcile 
previous, inaccurate predictions. Such a forecaster will tend not to predict with extreme 
probabilities. Moreover, Murphy and Winkler (1977) point out that the predictions of a 
well-calibrated forecaster, who quotes his true subjective probabilities, may be of limited 
(economic) use. Schervish (1989) summarises one of the major shortfalls of calibration 
analysis, in particular, the practice of evaluating forecasters on the basis of their 
calibration. Such analysis may be of little significance due to the fact that a forecaster 
cannot be evaluated on his future accuracy, but rather on how accurate he was in the past, 
or how accurate it is believed he will be in the future. Whether or not the probabilistic 
predictions of the seemingly well-calibrated models specified in this thesis can form the 
basis of profitable betting strategies is the focus of the following sections.  
 78 
6.2.4 A Simple Betting Strategy 
This section reports the results to a particularly simple and naïve betting strategy using 
the probabilistic forecasts of this thesis‟ models. The strategy is identical to that used in 
Kuypers (2000) and analogous to those used in numerous previous studies (see for 
example Dixon and Coles, 1997, Goddard and Asimakopoulos, 2004, and Forrest, 
Goddard, and Simmons, 2005). The strategy involves wagering a fixed amount on the 
outcome of a particular match when a model‟s probabilistic forecast suggests a sufficient 
„edge‟, or advantage over the bookmaker. As such, match outcomes on which a wager is 
made can be represented by the following decision rule,  
 
Bet $1 when  V
abilitymaker Probplied BookAverage Im
abilityrated ProbModel Gene
 .  [15] 
 
The betting strategy outlined in [15] could result in a bet being placed on two outcomes 
in a particular match. This occurred occasionally. Table Sixteen presents the results of 
this strategy for various values of V  using the forecasts of all models, and with bets 
made at both the average and maximum odds in the three prediction seasons 2005-06 to 
2007-08. Positive returns are indicated in bold.  
 
Table Sixteen – Simple Strategy Results 2005-06 to 2007-08 
Simple Strategy Results
V 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Bets Placed 974 579 355 233 149 88 58 45 29 15 9
Bets Won 332 177 93 52 28 17 13 9 7 2 2
Average Odds Return -15.70% -18.39% -24.04% -24.05% -29.34% -14.82% 9.71% 0.42% 21.79% -32.40% 12.67%
Maximum Odds Return -7.97% -10.35% -15.72% -14.93% -20.12% -2.51% 26.05% 15.67% 40.00% -21.33% 31.11%
Bets Placed 948 571 342 207 122 75 51 38 30 22 14
Bets Won 325 169 80 41 24 13 8 6 3 2 2
Average Odds Return -10.13% -14.92% -22.82% -25.16% -15.88% -8.25% -16.57% -18.61% -38.23% -50.41% -22.07%
Maximum Odds Return -1.05% -5.63% -13.78% -15.10% -4.12% 6.47% -3.63% -6.18% -27.83% -42.73% -10.00%
Bets Placed 1063 661 408 266 183 121 75 54 38 25 19
Bets Won 388 221 118 63 44 26 15 11 8 4 3
Average Odds Return -11.33% -15.64% -23.33% -29.50% -22.54% -22.15% -15.33% -7.09% -7.39% -26.88% -31.74%
Maximum Odds Return -3.52% -7.72% -16.19% -22.20% -14.25% -13.06% -4.43% 5.61% 4.55% -16.68% -23.16%
Bets Placed 1026 645 406 261 169 111 75 50 31 22 14
Bets Won 362 203 116 61 40 26 14 10 8 6 3
Average Odds Return -13.24% -18.33% -21.00% -30.01% -20.37% -17.45% -24.61% -8.14% 10.39% 7.41% -9.36%
Maximum Odds Return -5.62% -10.28% -13.13% -22.55% -11.28% -7.70% -15.40% 3.80% 23.87% 20.00% 2.86%
Bets Placed 1023 617 384 247 159 100 69 47 30 20 14
Bets Won 375 196 100 55 38 23 13 9 6 3 2
Average Odds Return -9.09% -17.53% -24.82% -32.40% -22.80% -16.58% -17.59% -11.21% 0.67% -30.00% -22.71%
Maximum Odds Return -0.58% -9.42% -16.51% -25.09% -14.06% -6.27% -5.83% 1.91% 15.67% -19.50% -10.00%
Model 5
Model 1
Model 2
Model 3
Model 4
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An examination of Table Sixteen reveals that returns are generally negative for all 
models, and exhibit no obvious correlation with the model generated to bookmaker 
implied probability ratio, V . There is some evidence that profits can be made when V  
equals 1.7 or 1.8, however this is often dependent on utilising the maximum odds. The 
poor returns generated by this simple strategy are not surprising given it has a number of 
major shortfalls. Firstly, this strategy will tend to bet on an inflated number of underdogs.  
To illustrate this point, suppose the average bookmaker implied probabilities for a 
favourite and longshot are 0.7 and 0.1 respectively. Given a value of V equal to 1.1, 
model probabilities required to induce a bet must be higher than 0.77 for the favourite, 
but just 0.11 for the longshot. It would seem that the latter is more easily, and thus more 
frequently satisfied. A closer inspection of the results confirms this conjecture; longshots 
are indeed over-bet. Given the discussion and results of section 6.1.4, which reveals 
significantly lower returns to longshots when compared to favourites, a strategy that bets 
on an inflated number of longshots is likely to be far from optimal, let alone profitable. A 
further drawback of this strategy is that a fixed amount is wagered on all occasions when 
the decision rule is satisfied. This feature effectively assigns an equal weight to model 
predictions with a disparate edge over the bookmaker. For example, when V equals 1.1 
the same wager is made when the assumed advantage over the bookmaker is 11% or 
111%. In light of these significant drawbacks, the positive returns for values of 
V between 1.1 and 1.4 reported by Kuypers (2000) are remarkable. Possible explanations 
for this result include the smaller one season prediction period, compared to the three 
used here, and the use of bookmaker odds as explanatory variables.  
 
For the above reasons, it can be concluded that the simple strategy implemented here is 
highly unsophisticated, and thus not necessarily capable of capitalising on the predictions 
 80 
of even a skilful forecaster. As such, in order to analyse the true economic semi-strong 
form efficiency of the English Premier League betting market, a betting system with 
greater sophistication and optimal properties is required. This thesis proposes the use of 
the Kelly criterion.  
 
6.2.5 Implementing the Kelly Betting Strategy  
This section reports the results of the full, half and quarter Kelly betting strategies applied 
to the five models specified in this thesis, over the three prediction seasons from 2005-06 
to 2007-08. The optimal wager under the Kelly strategy for multiple outcome games is 
determined following Grant (2008):  
 
Let ip  be the ordered probit models probability forecast, and let i  be the bookmaker 
payout on outcome i. The Kelly criterion specifies that the optimal fraction wagered on 
each outcome maximises the expected log return, 
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where m equals the number of outcomes, 3, and  
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1  is the proportion of 
wealth not wagered on a particular match. Suppose that the outcomes are ordered such 
that, 
 
        332211  ppp  .     [17] 
 
Let  3,2,1k  be the maximum value with the properties, 
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As such, it is optimal to bet only on the first k  outcomes. Interestingly, the Kelly 
criterion can stipulate that a bet be placed on an outcome for which the resulting expected 
match payoff is negative. This is done for diversification purposes, and occurred 
occasionally in the empirical analysis of this thesis.  
 
Presented here is an example explaining how to determine the optimal Kelly fraction for 
each outcome in a soccer match. Suppose that the model generated probabilities for home 
win, draw and away win are 42%, 30% and 28% and the average bookmaker odds (gross 
payoff from a one unit investment) are 1.54, 3.64 and 5.79 respectively.  
 
First the outcomes are ordered based on their expectations,  
1. Away Win  0.28 * 5.79  = 1.62   
2. Draw   0.3 * 3.64  = 1.092 
3. Home win  0.42 * 1.54  = 0.6468 
 
and then the cumulative sum of their respective ordered probabilities, k , is calculated. 
1.   0.28 
2.   0.28 + 0.3 = 0.58 
3.   0.58 + 0.42 = 1 
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Then, their price implied probabilities are calculated by inversing their respective payoffs, 
1. Away Win  1727.0
79.5
1
  
2. Draw   2747.0
64.3
1
  
3. Home win  6494.0
54.1
1
  
 
and the cumulative sum of these, k , determined.  
1.   0.1727 
2. 0.1727 + 0.2747 = 0.4474 
3. 0.4474 + 0.6494 = 1.0968 
 
Then the optimal Kelly fraction for each outcome is calculated using formula [19]. Only 
outcomes with an expectation greater than one are considered. As such, no bet is placed 
on home win in this example.   
 
Away Win = 
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


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1727.01
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1
28.0maxAf  
     0,1244.0maxAf  
    1244.0Af  
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4474.01
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1
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     0,0953.0maxDf  
    0953.0Df  
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The optimal Kelly fractions for each match, as calculated in the above example, were 
applied to the three prediction seasons, with bets placed at both the average and 
maximum odds. Tables Seventeen, Eighteen and Nineteen set out the results to the full 
and fractional Kelly strategies in seasons 2005-06, 2006-07 and 2007-08 respectively.  
 
Table Seventeen – Kelly Strategy Results: 2005-06 
Kelly Strategy Results 2005-06
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 263 264 278 272 280
Home Teams Bet On 155 154 152 159 165
Draws Bet On 57 51 71 69 57
Away Teams Bet On 107 109 121 110 112
Home Favourites Bet On 108 111 113 120 125
Home Longshots Bet On 46 43 38 38 39
Away Favourites Bet On 25 26 35 31 35
Away Longshots Bet On 82 83 86 79 77
Games Make Money 110 112 118 119 125
Games Lose Money 153 152 160 153 155
Full Kelly Average Odds Return -99.99% -99.97% -100.00% -100.00% -100.00%
Full Kelly Maximum Odds Return -99.85% -99.76% -100.00% -100.00% -99.95%
Half Kelly Average Odds Return -95.24% -94.76% -99.44% -98.82% -97.52%
Half Kelly Maximum Odds Return -82.39% -82.11% -97.44% -94.80% -87.97%
Quarter Kelly Average Odds Return -69.49% -69.67% -88.62% -83.08% -77.46%
Quarter Kelly Maximum Odds Return -38.22% -41.69% -74.42% -62.45% -47.69%
 
Table Eighteen – Kelly Strategy Results: 2006-07 
Kelly Strategy Results 2006-07
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 280 265 290 288 287
Home Teams Bet On 146 147 164 153 174
Draws Bet On 30 35 44 43 35
Away Teams Bet On 134 118 124 135 112
Home Favourites Bet On 110 107 129 120 136
Home Longshots Bet On 36 40 35 33 38
Away Favourites Bet On 34 27 39 40 35
Away Longshots Bet On 100 91 84 94 77
Games Make Money 117 115 138 131 138
Games Lose Money 163 150 152 157 149
Full Kelly Average Odds Return -99.96% -99.57% -99.95% -99.95% -99.34%
Full Kelly Maximum Odds Return -99.61% -96.62% -99.25% -99.19% -90.78%
Half Kelly Average Odds Return -92.52% -80.34% -87.90% -88.48% -65.94%
Half Kelly Maximum Odds Return -72.52% -39.02% -42.15% -43.37% 48.48%
Quarter Kelly Average Odds Return -63.00% -43.47% -48.54% -50.31% -18.96%
Quarter Kelly Maximum Odds Return -25.83% 2.70% 18.69% 16.68% 77.25%
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Table Nineteen – Kelly Strategy Results: 2007-08 
Kelly Strategy Results 2007-08
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 289 286 317 293 304
Home Teams Bet On 190 186 206 187 183
Draws Bet On 57 48 71 66 66
Away Teams Bet On 98 100 110 104 119
Home Favourites Bet On 119 113 135 120 118
Home Longshots Bet On 71 73 71 67 65
Away Favourites Bet On 16 12 21 16 21
Away Longshots Bet On 82 88 89 88 98
Games Make Money 105 98 132 112 112
Games Lose Money 184 188 185 181 192
Full Kelly Average Odds Return -99.99% -99.99% -100.00% -100.00% -100.00%
Full Kelly Maximum Odds Return -99.93% -99.95% -99.98% -99.99% -99.98%
Half Kelly Average Odds Return -95.75% -97.01% -95.59% -97.46% -97.10%
Half Kelly Maximum Odds Return -85.26% -90.77% -77.55% -90.70% -89.27%
Quarter Kelly Average Odds Return -69.90% -76.27% -60.37% -74.09% -73.70%
Quarter Kelly Maximum Odds Return -40.76% -56.10% -2.43% -46.87% -45.85%
 
 
A close examination of these Kelly strategy results reveals some interesting findings. 
Firstly, model returns are comparable yet inconsistent over the three seasons, suggesting 
that no model is noticeably preferred to any other. The 2006-07 season clearly produces 
the best returns, followed by 2005-06 and 2007-08. Furthermore, the ruinous returns 
generated from betting the full Kelly fraction indicate that such a strategy induces 
overbetting. It would appear that betting the half or quarter Kelly fraction is the favoured 
strategy, however further analysis is required.    
 
One rather worrying result is the high proportion of bets made on longshots playing away 
from home. Recall that the simple strategy analysis in section 6.1.4 revealed that the 
strategy of placing bets on away longshots performed consistently worst when compared 
to all other simple strategies, and consequently, average bookmaker odds contained a 
“home-favourite” bias. As such, the high proportion of bets on away longshots suggested 
by the Kelly strategies is likely to be having a significantly detrimental effect on realised 
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returns. In order to evaluate this premise, the Kelly strategy results were further 
partitioned to ascertain the returns to bets on the sub-categories: home favourites (HF), 
home longshots (HL), away favourites (AF) and away longshots (AL). The returns to 
these strategies are set out in Tables Twenty, Twenty One, and Twenty Two. Positive 
returns are indicated in bold.  
 
Table Twenty – Kelly Strategy Result Breakdown: 2005-06 
Kelly Strategy Results - 2005-06
HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL
Total Bets 108 46 25 82 111 43 26 83 113 38 35 86 120 38 31 79 125 39 35 77
Bets Won 56 19 15 20 59 16 14 23 60 14 18 25 63 14 16 24 66 16 19 22
Bets Lost 52 27 10 62 52 27 12 60 53 24 17 61 57 24 15 55 59 23 16 55
Full Kelly Average Odds Return -86.8% -78.1% -39.0% -99.1% -90.6% -88.4% -60.4% -93.9% -98.6% -64.5% -96.3% -99.4% -98.2% -74.1% -92.2% -99.1% -97.2% -80.1% -86.4% -96.1%
Full Kelly Maximum Odds Return -64.9% -63.5% -22.7% -98.4% -74.6% -82.6% -52.0% -88.8% -95.0% -41.2% -95.2% -99.0% -93.9% -58.2% -90.1% -98.2% -87.2% -70.3% -82.9% -92.7%
Half Kelly Average Odds Return -34.4% -40.5% -10.1% -85.9% -46.1% -57.5% -28.2% -68.0% -73.5% -25.3% -71.5% -88.9% -64.0% -36.2% -60.9% -85.8% -61.4% -46.3% -54.2% -73.9%
Half Kelly Maximum Odds Return 13.5% -20.5% 2.4% -80.2% -6.8% -46.6% -20.2% -54.9% -44.7% -0.7% -67.0% -84.2% -27.7% -16.3% -55.3% -79.2% -8.7% -32.8% -48.1% -62.7%
Quarter Kelly Average Odds Return -6.4% -18.2% -2.0% -58.5% -15.9% -31.5% -12.7% -39.6% -37.8% -8.9% -42.1% -63.3% -25.0% -15.5% -32.9% -58.6% -24.3% -23.4% -29.1% -45.3%
Quarter Kelly Maximum Odds Return 25.5% -4.4% 5.0% -50.0% 12.5% -22.5% -7.8% -27.4% -8.2% 6.1% -37.4% -55.7% 9.1% -2.3% -28.0% -49.1% 19.9% -13.7% -24.2% -33.7%
Model 5Model 1 Model 2 Model 3 Model 4
 
 
Table Twenty One – Kelly Strategy Result Breakdown: 2006-07 
Kelly Strategy Results - 2006-07
HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL
Total Bets 110 36 34 100 107 40 27 91 129 35 39 84 120 33 40 94 136 38 35 77
Bets Won 64 13 12 28 60 14 11 30 75 16 17 30 70 15 18 28 78 18 17 25
Bets Lost 46 23 22 72 47 26 16 61 54 19 22 54 50 18 22 66 58 20 18 52
Full Kelly Average Odds Return -94.5% -26.7% -91.6% -88.6% -67.4% -46.0% -85.4% -83.3% -65.5% -68.9% -90.7% -94.9% -46.9% -25.2% -92.7% -98.3% 76.6% -63.5% -78.1% -95.4%
Full Kelly Maximum Odds Return -88.0% 1.0% -84.9% -78.6% -35.6% -22.4% -78.0% -69.2% 3.6% -58.7% -81.8% -89.3% 58.3% 6.6% -85.2% -96.7% 403.5% -46.9% -61.1% -91.1%
Half Kelly Average Odds Return -54.6% -0.7% -64.1% -53.7% -3.2% -12.5% -54.9% -48.5% 37.7% -35.8% -57.4% -66.3% 57.5% 3.2% -63.7% -80.2% 173.1% -27.3% -43.7% -69.5%
Half Kelly Maximum Odds Return -30.5% 19.2% -49.8% -33.9% 40.3% 7.5% -43.6% -28.3% 153.2% -25.0% -37.6% -48.7% 187.6% 26.4% -45.6% -71.0% 388.5% -10.5% -22.4% -56.2%
Quarter Kelly Average Odds Return -22.6% 3.5% -37.3% -26.4% 10.3% -2.2% -30.7% -24.4% 41.3% -17.1% -29.6% -36.0% 49.1% 6.3% -35.9% -50.8% 95.2% -10.9% -22.0% -40.2%
Quarter Kelly Maximum Odds Return -3.1% 14.2% -24.9% -10.8% 34.1% 9.3% -22.1% -10.1% 95.2% -10.0% -13.6% -19.8% 104.9% 18.7% -20.0% -39.7% 165.8% -0.5% -7.5% -27.5%
Model 4 Model 5Model 1 Model 2 Model 3
 
 
Table Twenty Two – Kelly Strategy Result Breakdown: 2007-08 
Kelly Strategy Results - 2007-08
HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL HF HL AF AL
Total Bets 119 71 16 82 113 73 12 88 135 71 21 89 120 67 16 88 118 65 21 98
Bets Won 63 18 11 13 60 19 9 10 76 20 14 22 65 18 10 19 62 18 12 20
Bets Lost 56 53 5 69 53 54 3 78 59 51 7 67 55 49 6 69 56 47 9 78
Full Kelly Average Odds Return -98.9% -90.3% 74.2% -95.5% -92.9% -91.0% 54.6% -99.3% -99.7% -98.8% 36.5% -80.1% -99.3% -98.0% 45.8% -93.6% -96.4% -94.9% -5.7% -98.5%
Full Kelly Maximum Odds Return -97.5% -80.0% 90.6% -92.7% -84.2% -81.0% 65.0% -99.0% -99.0% -97.4% 51.9% -60.7% -98.3% -96.0% 59.5% -88.6% -91.8% -89.0% 5.1% -97.3%
Half Kelly Average Odds Return -77.9% -51.9% 34.0% -70.1% -54.9% -53.0% 26.0% -88.8% -78.7% -77.5% 23.6% -24.9% -81.3% -73.5% 24.8% -58.8% -64.5% -57.4% 4.7% -81.6%
Half Kelly Maximum Odds Return -64.3% -26.2% 40.5% -60.1% -30.2% -26.5% 30.4% -86.2% -58.0% -64.1% 30.9% 14.6% -69.8% -60.1% 31.0% -41.1% -44.3% -31.6% 11.0% -74.4%
Quarter Kelly Average Odds Return -44.6% -22.1% 16.2% -40.0% -24.4% -22.7% 12.6% -63.9% -39.2% -42.7% 12.7% 1.5% -48.6% -39.4% 12.6% -26.0% -31.4% -22.7% 4.1% -52.1%
Quarter Kelly Maximum Odds Return -28.7% -1.3% 19.1% -29.3% -4.9% -0.8% 14.7% -59.4% -12.8% -25.5% 16.1% 29.9% -33.7% -23.7% 15.5% -8.9% -13.1% 1.1% 7.4% -42.4%
Model 5Model 1 Model 2 Model 3 Model 4
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An examination of the above tables reveals that, as suspected, returns to the strategy of 
betting on away longshots (AL) are consistently negative and inferior across all models 
and seasons. This result could be driven by two possible factors. Firstly, the specified 
models may be overestimating the chances of away longshots, resulting in an inflated 
number of bets (and excessive proportion of the bankroll) wagered on them. Secondly, 
bookmakers may be offering lower than “fair” prices on away longshots, the effect of 
which is lower returns to the strategy of betting on these teams. The analysis of simple 
betting strategies in section 6.1.4 provides strong evidence in favour of the latter assertion. 
Furthermore, the calibration analysis of section 6.2.3 actually suggests that the specified 
models underestimate the chances of longshots. In order to determine if this result stands 
for away longshots, calibration plots were constructed for the models‟ forecasts of away 
team probabilities only. They are presented in Figures Eight, Nine, Ten, Eleven, and 
Twelve. In order to facilitate a direct comparison, Figure Thirteen provides the identical 
calibration plot for average bookmaker implied probabilities for away teams.  
 
Figure Eight - Model 1 Away Forecast Calibration 2005-06 to 2007-08 
Model 1 - Away Consolidated Calibration: 2005-06 to 2007-08
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Figure Nine - Model 2 Away Forecast Calibration 2005-06 to 2007-08 
Model 2 - Away Consolidated Calibration: 2005-06 to 2007-08
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Figure Ten - Model 3 Away Forecast Calibration 2005-06 to 2007-08 
Model 3 - Away Consolidated Calibration: 2005-06 to 2007-08
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Figure Eleven - Model 4 Away Forecast Calibration 2005-06 to 2007-08 
Model 4 - Away Consolidated Calibration: 2005-06 to 2007-08
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Figure Twelve - Model 5 Away Forecast Calibration 2005-06 to 2007-08 
Model 5 - Away Consolidated Calibration: 2005-06 to 2007-08
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Figure Thirteen – Average Bookmaker Away Calibration 2005-06 to 2007-08 
Average Bookmaker Odds - Away Consolidated Calibration: 2005-06 to 2007-08
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The calibration plots for away teams suggest that the models‟ probability forecasts for 
away longshots are extremely accurate, and if anything, slightly underestimate their 
chances of victory. Additionally, the average odds bookmaker calibration for away teams 
in Figure Thirteen reveals that bookmakers tend to overestimate the chances of away 
longshots, and thus offer lower than “fair” prices on them. 
 
It can therefore be concluded that the poor Kelly strategy returns to bets on away-
longshots is a result of consistent bookmaker misestimation, and not a predictive 
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deficiency of the specified models. Therefore, the evidence presented here, and especially 
when considered in conjunction with the supplementary analysis of simple betting 
strategies in section 6.1.4, suggests that even a strategy utilising the accurate forecasting 
of away longshots will generally result in poor returns to this sub-category as a result of a 
consistent bias in bookmaker odds for these teams. In light of the above discussion, an 
intelligent bettor would likely attempt to avoid placing bets on away longshots. In so far 
as this thesis has attempted to implement practically motivated strategies, the Kelly 
returns are recalculated with the additional stipulation that no bets are made on away 
longshots. The results of this strategy are presented in Tables Twenty Three, Twenty 
Four and Twenty Five below.  
 
Table Twenty Three – Kelly Strategy Results: No Away Longshot Bets 2005-06 
Kelly Strategy Results - No Away Longshot Bets 2005-06
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 181 181 192 193 203
Home Teams Bet On 155 154 152 159 165
Draws Bet On 57 51 71 69 57
Away Teams Bet On 25 26 35 31 35
Home Favourites Bet On 108 111 113 120 125
Home Longshots Bet On 46 43 38 38 39
Away Favourites Bet On 25 26 35 31 35
Away Longshots Bet On 0 0 0 0 0
Games Make Money 90 89 93 95 103
Games Lose Money 91 92 99 98 100
Full Kelly Average Odds Return -98.36% -99.57% -99.99% -99.97% -99.93%
Full Kelly Maximum Odds Return -90.84% -97.88% -99.89% -99.79% -99.34%
Half Kelly Average Odds Return -66.22% -83.62% -94.95% -91.71% -90.47%
Half Kelly Maximum Odds Return -10.99% -60.36% -83.83% -74.99% -67.74%
Quarter Kelly Average Odds Return -26.39% -49.78% -68.95% -59.13% -58.82%
Quarter Kelly Maximum Odds Return 23.68% -19.73% -42.22% -26.17% -21.08%
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Table Twenty Four – Kelly Strategy Results: No Away Longshot Bets 2006-07 
Kelly Strategy Results - No Away Longshot Bets 2006-07
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 180 174 206 194 210
Home Teams Bet On 146 147 164 153 174
Draws Bet On 30 35 44 43 35
Away Teams Bet On 34 27 39 40 35
Home Favourites Bet On 110 107 129 120 136
Home Longshots Bet On 36 40 35 33 38
Away Favourites Bet On 34 27 39 40 35
Away Longshots Bet On 0 0 0 0 0
Games Make Money 89 85 108 103 113
Games Lose Money 91 89 98 91 97
Full Kelly Average Odds Return -99.66% -97.42% -99.10% -97.15% -85.88%
Full Kelly Maximum Odds Return -98.17% -89.01% -92.97% -75.58% 3.82%
Half Kelly Average Odds Return -83.84% -61.80% -64.12% -41.75% 11.65%
Half Kelly Maximum Odds Return -58.42% -14.92% 12.78% 95.46% 238.87%
Quarter Kelly Average Odds Return -49.74% -25.22% -19.53% 1.08% 35.55%
Quarter Kelly Maximum Odds Return -16.83% 14.21% 48.06% 93.37% 144.53%
 
 
Table Twenty Five – Kelly Strategy Results: No Away Longshot Bets 2007-08 
Kelly Strategy Results - No Away Longshot Bets 2007-08
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 380) 207 198 228 205 206
Home Teams Bet On 190 186 206 187 183
Draws Bet On 57 48 71 66 66
Away Teams Bet On 16 12 21 16 21
Home Favourites Bet On 119 113 135 120 118
Home Longshots Bet On 71 73 71 67 65
Away Favourites Bet On 16 12 21 16 21
Away Longshots Bet On 0 0 0 0 0
Games Make Money 92 88 110 93 92
Games Lose Money 115 110 118 112 114
Full Kelly Average Odds Return -99.82% -99.02% -100.00% -99.98% -99.83%
Full Kelly Maximum Odds Return -99.03% -95.03% -99.96% -99.89% -99.07%
Half Kelly Average Odds Return -85.78% -73.34% -94.13% -93.84% -84.29%
Half Kelly Maximum Odds Return -63.05% -33.13% -80.41% -84.22% -58.09%
Quarter Kelly Average Odds Return -49.85% -34.21% -60.96% -64.97% -45.06%
Quarter Kelly Maximum Odds Return -16.21% 8.15% -24.87% -41.65% -6.03%
 
 
A comparison of returns in the above sets of tables indicates consistently, and 
considerably superior returns to the Kelly strategies when no bets are made on away 
longshots, a result that is consistent with that of section 6.1.4 and the above analysis. The 
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number of games in which the net return is negative („Games Lose Money‟) is generally 
reduced significantly, with only a slight reduction in the corresponding number of games 
in which the net return is positive („Games Make Money‟). The superior returns to the 
strategy reported in Tables Seventeen, Eighteen and Nineteen demonstrate how the 
incorporation of uncovered weak form inefficiencies can be successfully utilised in the 
development of more sophisticated betting strategies to improve returns.  
 
In order to track the growth of the Kelly bettors bankroll throughout a season, wealth 
paths – illustrating the evolution of wealth associated with the implementation of the 
Kelly strategies reported in Tables Seventeen, Eighteen and Nineteen – were constructed. 
Reported in Figures Fourteen, Fifteen and Sixteen are the wealth paths of Model 2 
utilising maximum bookmaker odds. Model 2‟s average odds wealth paths, together with 
those of the remaining models, are set out in Appendix D.  
 
 
 
 
Figure Fourteen – Model 2 Maximum Odds Kelly Wealth Paths 2005-06 
Model 2 - 2005-06 Maximum Odds Wealth Path
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Figure Fifteen– Model 2 Maximum Odds Kelly Wealth Paths 2006-07 
Model 2 - 2006-07 Maximum Odds Wealth Path
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Figure Sixteen – Model 2 Maximum Odds Kelly Wealth Paths 2007-08 
Model 2 - 2007-08 Maximum Odds Wealth Path
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An inspection of the various wealth paths revealed one noticeable trend – the majority of 
wealth is lost towards the beginning, and at the end of each season. This thesis outlines a 
number of factors that may be contributing to this result. As pointed out in the discussion 
on arbitrage opportunities in section 6.1.1, a number of off-season “events” have the 
potential to affect the outcome of a soccer match in the following season. These include 
player or coach transfers and signings, a change in club ownership, player injuries, and 
pre-season training, for example. Further, and as discussed in section 4.2.1.6, match 
outcomes towards the end of a season are likely to be influenced by the differing 
incentives of either team. The Significant Incentive  variable is used to identify games in 
which there is an obvious discrepancy in the incentives of the two teams, however it is 
unlikely to capture the motivations of all teams in the concluding rounds of a season.  
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That the above factors are not captured in any way by the models specified in this thesis 
is likely to result in predictions that are not accurate in both the opening and closing 
stages of any season. Conversely, this is information that bookmakers can and will use in 
the setting of their odds. In turn, Kelly bets made according to model generated 
predictions will be sub-optimal, and returns biased downward as a result. In so far as this 
thesis has attempted to replicate the scenario faced by, and actions of an informed bettor 
attempting to generate positive returns, it is not unreasonable to assume that such a 
practitioner will delay the start of, and prematurely terminate their betting in a particular 
season for the above reasons. As such, the returns to the Kelly strategies using a 
staggered start and finish were determined. Forty games, or around 10% of the season, 
was selected for both the season beginning and ending stagger. This leaves 300 games in 
each season on which bets may be placed. Tables Twenty Six, Twenty Seven and Twenty 
Eight summarise the results of this strategy.  
 
Table Twenty Six - Kelly Strategy Results: Staggered Start and Finish 2005-06 
Kelly Strategy Results - Staggered Start and Finish 2005-06
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 210 205 213 217 219
Home Teams Bet On 119 114 112 124 127
Draws Bet On 40 34 46 46 38
Away Teams Bet On 90 91 99 91 91
Home Favourites Bet On 83 82 85 98 100
Home Longshots Bet On 35 32 26 25 26
Away Favourites Bet On 22 22 32 29 30
Away Longshots Bet On 68 69 67 62 61
Games Make Money 91 87 93 100 102
Games Lose Money 119 118 120 117 117
Full Kelly Average Odds Return -99.45% -98.76% -100.00% -99.99% -99.91%
Full Kelly Maximum Odds Return -96.60% -92.86% -99.96% -99.88% -99.15%
Half Kelly Average Odds Return -80.71% -75.50% -97.48% -94.79% -91.36%
Half Kelly Maximum Odds Return -45.87% -34.86% -91.66% -83.07% -69.29%
Quarter Kelly Average Odds Return -44.19% -39.75% -78.58% -68.23% -62.13%
Quarter Kelly Maximum Odds Return -2.81% 1.41% -59.52% -40.42% -25.70%
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Table Twenty Seven - Kelly Strategy Results: Staggered Start and Finish 2006-07 
Kelly Strategy Results - Staggered Start and Finish 2006-07
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 217 199 229 222 225
Home Teams Bet On 118 116 137 122 146
Draws Bet On 18 21 28 26 21
Away Teams Bet On 99 83 91 100 78
Home Favourites Bet On 91 84 110 98 117
Home Longshots Bet On 27 32 27 24 29
Away Favourites Bet On 25 17 29 31 23
Away Longshots Bet On 74 66 61 68 55
Games Make Money 95 89 116 107 112
Games Lose Money 122 110 113 115 113
Full Kelly Average Odds Return -89.31% 4.50% -27.19% -73.88% 59.95%
Full Kelly Maximum Odds Return -52.74% 280.54% 432.94% 60.56% 768.39%
Half Kelly Average Odds Return -31.70% 72.67% 129.89% 30.36% 154.77%
Half Kelly Maximum Odds Return 56.04% 249.73% 596.86% 257.92% 545.08%
Quarter Kelly Average Odds Return -1.16% 49.58% 93.10% 43.33% 90.61%
Quarter Kelly Maximum Odds Return 53.33% 116.72% 248.32% 145.16% 211.06%
 
 
 
Table Twenty Eight - Kelly Strategy Results: Staggered Start and Finish 2007-08 
Kelly Strategy Results - Staggered Start and Finish 2007-08
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 224 225 249 222 237
Home Teams Bet On 144 143 158 140 138
Draws Bet On 43 34 56 49 51
Away Teams Bet On 79 82 90 81 98
Home Favourites Bet On 90 87 101 90 88
Home Longshots Bet On 54 56 57 50 50
Away Favourites Bet On 14 10 18 14 19
Away Longshots Bet On 65 72 72 67 79
Games Make Money 81 79 105 87 88
Games Lose Money 143 146 144 135 149
Full Kelly Average Odds Return -99.66% -99.38% -99.97% -99.97% -99.93%
Full Kelly Maximum Odds Return -98.45% -97.20% -99.77% -99.86% -99.60%
Half Kelly Average Odds Return -85.35% -82.35% -90.13% -94.27% -91.07%
Half Kelly Maximum Odds Return -65.53% -58.23% -68.63% -86.14% -76.40%
Quarter Kelly Average Odds Return -51.99% -48.48% -60.37% -67.82% -59.98%
Quarter Kelly Maximum Odds Return -23.82% -17.80% -2.43% -48.02% -32.11%
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An examination of the staggered start and finish betting strategy results reveals that 
returns are markedly superior to those from the initial Kelly strategies of Tables 
Seventeen, Eighteen and Nineteen. Most notably, in the 2006-07 season, consistently 
positive returns are generated by most models. Given this result, it is of interest to 
examine returns to a strategy that incorporates both the staggered start and finish, and the 
stipulation that no bets are made on away longshots. The results of this „Combined 
Strategy‟ are reported in Tables Twenty Nine, Thirty and Thirty One.7  
 
 
Table Twenty Nine – Combined Kelly Strategy Results 2005-06 
Kelly Strategy Results - Combined Strategy 2005-06
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 142 136 146 155 158
Home Teams Bet On 119 114 112 124 127
Draws Bet On 40 34 46 46 38
Away Teams Bet On 22 22 32 29 30
Home Favourites Bet On 83 82 85 98 100
Home Longshots Bet On 35 32 26 25 26
Away Favourites Bet On 22 22 32 29 30
Away Longshots Bet On 0 0 0 0 0
Games Make Money 75 69 74 81 84
Games Lose Money 67 67 72 74 74
Full Kelly Average Odds Return -75.48% -87.18% -99.68% -99.50% -98.98%
Full Kelly Maximum Odds Return -5.10% -55.26% -98.32% -97.59% -94.07%
Half Kelly Average Odds Return -5.61% -36.10% -84.14% -76.74% -75.38%
Half Kelly Maximum Odds Return 100.89% 27.77% -59.84% -44.00% -34.45%
Quarter Kelly Average Odds Return 13.95% -7.84% -49.74% -37.07% -38.99%
Quarter Kelly Maximum Odds Return 70.42% 33.10% -17.62% 0.52% 2.70%
 
 
 
 
                                                 
7
  This thesis also analysed the effect of incorporating the first 40 games of a season in the 
estimation of the models. Returns generated by this technique (which included early termination of 
betting at the end of the season) were not markedly different or superior to those merely staggering the 
start and finish. The Kelly returns produced by Models 1, 2 and 5 using the extended estimation period 
are presented in Appendix F. 
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Table Thirty – Combined Kelly Strategy Results 2006-07 
Kelly Strategy Results - Combined Strategy 2006-07
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 143 133 168 154 170
Home Teams Bet On 118 116 137 122 146
Draws Bet On 18 21 28 26 21
Away Teams Bet On 25 17 29 31 23
Home Favourites Bet On 91 84 110 98 117
Home Longshots Bet On 27 32 27 24 29
Away Favourites Bet On 25 17 29 31 23
Away Longshots Bet On 0 0 0 0 0
Games Make Money 74 67 92 85 94
Games Lose Money 69 66 76 69 76
Full Kelly Average Odds Return -84.00% 20.29% 24.30% 30.53% 286.82%
Full Kelly Maximum Odds Return -55.04% 197.66% 465.14% 426.90% 1325.39%
Half Kelly Average Odds Return -30.61% 70.83% 154.53% 142.82% 254.29%
Half Kelly Maximum Odds Return 22.34% 180.99% 493.04% 427.39% 626.58%
Quarter Kelly Average Odds Return -5.36% 45.72% 94.93% 86.78% 118.64%
Quarter Kelly Maximum Odds Return 27.60% 89.44% 205.91% 181.98% 219.53%
 
 
Table Thirty One – Combined Kelly Strategy Results 2007-08 
Kelly Strategy Results - Combined Strategy 2007-08
Model 1 Model 2 Model 3 Model 4 Model 5
Total Games Bet On (max 300) 159 153 177 155 158
Home Teams Bet On 144 143 158 140 138
Draws Bet On 43 34 56 49 51
Away Teams Bet On 14 10 18 14 19
Home Favourites Bet On 90 87 101 90 88
Home Longshots Bet On 54 56 57 50 50
Away Favourites Bet On 14 10 18 14 19
Away Longshots Bet On 0 0 0 0 0
Games Make Money 72 72 88 73 73
Games Lose Money 87 81 89 82 85
Full Kelly Average Odds Return -92.97% -66.95% -99.59% -99.21% -95.91%
Full Kelly Maximum Odds Return -74.74% 28.01% -97.81% -97.20% -83.02%
Half Kelly Average Odds Return -43.22% 16.20% -71.04% -76.17% -44.04%
Half Kelly Maximum Odds Return 17.31% 151.72% -24.40% -50.88% 27.44%
Quarter Kelly Average Odds Return -9.01% 28.94% -24.14% -38.07% -3.88%
Quarter Kelly Maximum Odds Return 34.64% 96.13% 27.79% -8.37% 50.78%
 
 
In order to facilitate a comparison with the initial Kelly strategies, and as a matter of 
interest, wealth paths were constructed for the combined strategy. Reported in Figures 
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Seventeen, Eighteen and Nineteen are the maximum odds wealth paths of Model 2. Refer 
to Appendix E for the complete set of wealth paths for all models.  
 
Figure Seventeen -  Model 2 Combined Strategy Maximum Odds Kelly Wealth Paths 
Model 2 - 2005-06 Maximum Odds Wealth Path
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Figure Eighteen -  Model 2 Combined Strategy Maximum Odds Kelly Wealth Paths 
Model 2 - 2006-07 Maximum Odds Wealth Path
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Figure Nineteen -  Model 2 Combined Strategy Maximum Odds Kelly Wealth Paths 
Model 2 - 2007-08 Maximum Odds Wealth Path
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Once again, a drastic improvement in returns is observed. The combined effect of the two 
modifications to the Kelly strategy is significant and noticeable from both the return 
tables and wealth paths. For example, using the combined strategy and betting the full 
Kelly fraction at the maximum odds in the 2006-07 season generated a profit of 
1325.39%, compared to a loss of 90.78% from the unmodified Kelly strategy. 
 
In order to rank the models and determine the preferred Kelly fraction, combined realised 
returns spanning the three season betting period, as well as season average geometric 
returns, were calculated. The results are set out in Table Thirty Two. 
 
 
Table Thirty Two – Combined Kelly Strategy Results 2005-06 to 2007-08 
Kelly Strategy Results - Combined Strategy 2005-06 to 2007-08
Total Games Bet On (max 900)
Home Teams Bet On 
Draws Bet On 
Away Teams Bet On
Home Favourites Bet On
Home Longshots Bet On
Away Favourites Bet On
Away Longshots Bet On
Games Make Money
Games Lose Money
Rank Rank Rank Rank Rank
Full Kelly Average Odds Return -99.72% 2 -94.90% 1 -100.00% 5 -99.99% 4 -99.84% 3
Full Kelly Maximum Odds Return -89.22% 3 70.50% 1 -99.79% 5 -99.65% 4 -85.64% 2
Half Kelly Average Odds Return -62.81% 3 26.84% 1 -88.31% 5 -86.54% 4 -51.18% 2
Half Kelly Maximum Odds Return 188.33% 3 803.73% 1 80.06% 4 45.08% 5 506.95% 2
Quarter Kelly Average Odds Return -1.88% 3 73.16% 1 -25.68% 4 -27.21% 5 28.21% 2
Quarter Kelly Maximum Odds Return 192.78% 4 394.57% 2 222.02% 3 159.72% 5 394.82% 1
Season Average Geometric Returns
Full Kelly Average Odds Return -85.98% -62.92% -97.47% -96.28% -88.25%
Full Kelly Maximum Odds Return -52.41% 19.46% -87.24% -84.75% -47.64%
Half Kelly Average Odds Return -28.09% 8.25% -51.10% -48.75% -21.26%
Half Kelly Maximum Odds Return 42.33% 108.30% 21.66% 13.21% 82.41%
Quarter Kelly Average Odds Return -0.63% 20.08% -9.42% -10.04% 8.64%
Quarter Kelly Maximum Odds Return 43.06% 70.38% 47.67% 37.46% 70.40%
Model 5
444 422 491 464 486
Model 1 Model 2 Model 3 Model 4
411
101 89 130 121 110
381 373 407 386
72
264 253 296 286 305
61 49 79 74
105
61 49 79 74 72
116 120 110 99
0
221 208 254 239 251
0 0 0 0
235223 214 237 225
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An inspection of Table Thirty Two reveals that Model 2 is clearly the superior model in 
terms of its generated economic results. Model 2‟s returns are consistently higher than 
those generated by all other models when bets are placed according to the full, half and 
quarter Kelly fractions. Only betting the quarter Kelly fraction suggested by Model 5 at 
the maximum odds produces a marginally higher return over the three season prediction 
period. Based on the returns in Table Thirty Two, the five models reported in this thesis 
are ranked in the following, descending order Model 2, Model 5, Model 1, Model 3, 
Model 4.  
 
Interestingly, the simple models (2 and 5) generate significantly higher returns than their 
respective models (1 and 4) that incorporate a larger information set. Given the 
differences in variables that these models contain, this result suggests that a one year 
memory for historical win ratios and attendance variables is preferable to a two year 
memory. Moreover, statistics from a teams‟ four most recent home, and four most recent 
away matches are sufficient in capturing recent attacking and defensive form and 
performance factors.  
 
In order to determine the economic value of the information contained in the additional 
variables – average goals, shots, shots on goals, fouls and points in recent matches – a 
comparison of Models 1 and 4, and Models 2 and 5 is required. The clearly superior 
returns generated by Models 1 and 2 indicates that the incorporation of these in-match 
statistical variables does not improve the economic exploitability of predictions, possibly 
because the information they contain is already captured in the lagged recent result 
variables.  
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Table Thirty Two clearly demonstrates that the full Kelly fraction induces overbetting. 
Returns generated by betting the full Kelly fraction are dominated by the half and quarter 
strategies using the predictions of all models. Only the predictions of Model 2 generate a 
profit when full Kelly bets are placed, and this only occurs at the maximum odds. The 
choice of the optimal Kelly fraction is, then, between half and quarter. Evidently, the 
highest returns are produced using the half Kelly fraction, however betting at the quarter 
Kelly fraction affords a greater level of stability at both the average and maximum odds. 
For this reason, betting the quarter Kelly fraction is concluded to be the optimal strategy 
when compared to betting the half and full fraction. Given the relatively short, three 
season betting period, the finding of the fractional Kelly‟s superiority is consistent with 
that of Li (1993). The results presented in Table Thirty Two also emphasise the distinct 
advantage experienced when betting at the maximum odds. In many cases, betting at the 
maximum odds turns a substantial loss into a significant profit. Utilising the maximum 
odds merely amplifies the gains of successful bets, and contains no downside. As such, it 
is the view of this thesis that seeking to bet at the best available odds is of critical 
importance, the success of which may have a significant bearing on the profitability of 
the strategies suggested here.  
 
6.2.5.1 Kelly Strategy Return Summary: Histograms and Distributional 
Characteristics 
 
It may be surprising that the profits generated by the above strategies, and reported in 
Table Thirty Two, were obtained , given the relatively similar number of games on which 
money was made and lost. For example, the Kelly strategy utilising the predictions of 
Model 2 placed bets on 422 games across the three season prediction period. Of these 
games, 208 resulted in a positive return, and 214 resulted in a negative return. In order to 
convey the ability of such a strategy to produce positive, let alone significantly positive 
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profits, histograms and various statistical distributional characteristics of the individual 
match returns are presented for the two most profitable models, 2 and 5 for the three 
seasons 2005-06 to 2007-08. Separate histograms were constructed for the full, half and 
quarter Kelly strategies, and for bets made at the average and maximum odds. The 
distributional characteristics analysis uses wealth factors, so a mean of 1.01 is equivalent 
to a return of 1%.  
 
Figures Twenty to Twenty Five - Model 2 Match Return Histograms 2005-06 to 2007-08 
Model 2 - Full Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 2 - Full Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 2 - Half Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
0
10
20
30
40
50
60
70
-4
5
%
-4
2
.5
%
-4
0
%
-3
7
.5
%
-3
5
%
-3
2
.5
%
-3
0
%
-2
7
.5
%
-2
5
%
-2
2
.5
%
-2
0
%
-1
7
.5
%
-1
5
%
-1
2
.5
%
-1
0
%
-7
.5
%
-5
%
-2
.5
%
0
%
2
.5
%
5
%
7
.5
%
1
0
%
1
2
.5
%
1
5
%
1
7
.5
%
2
0
%
2
2
.5
%
2
5
%
2
7
.5
%
3
0
%
3
2
.5
%
3
5
%
3
7
.5
%
4
0
%
4
2
.5
%
4
5
%
4
7
.5
%
5
0
%
>
 5
0
%
Return Bin Range Upper Value
F
re
q
u
en
cy
 (
M
a
tc
h
es
)
 
 
 102 
Model 2 - Half Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 2 - Quarter Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 2 - Quarter Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Table Thirty Three – Model 2 Distributional Characteristics of Match Returns  
2005-06 to 2007-08 
Model 2 - Combined Strategy Distributional Characteristics
Full Kelly 
Average Odds
Full Kelly 
Maximum Odds
Half Kelly 
Average Odds
Half Kelly 
Maximum Odds
Quarter Kelly 
Average Odds
Quarter Kelly 
Maximum Odds
Mean 1.0094 1.0202 1.0047 1.0101 1.0024 1.0050
Standard Error 0.0090 0.0099 0.0045 0.0050 0.0023 0.0025
Median 0.9976 0.9976 0.9988 0.9988 0.9994 0.9994
Standard Deviation 0.1857 0.2035 0.0929 0.1018 0.0464 0.0509
Skewness 0.8230 1.1549 0.8230 1.1549 0.8230 1.1549
Range 1.3964 1.6142 0.6982 0.8071 0.3491 0.4035
Minimum 0.5640 0.5640 0.7820 0.7820 0.8910 0.8910
Maximum 1.9603 2.1782 1.4802 1.5891 1.2401 1.2945
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Figures Twenty Six to Thirty One - Model 5 Match Return Histograms  
2005-06 to 2007-08 
Model 5 - Full Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 5 - Full Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 5 - Half Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 5 - Half Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 5 - Quarter Kelly Average Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Model 5 - Quarter Kelly Maximum Odds Combined Strategy Match Return Histogram 2005-06 to 2007-08
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Table Thirty Four – Model 5 Distributional Characteristics of Match Returns  
2005-06 to 2007-08 
Model 5 - Combined Strategy Distributional Characteristics
Full Kelly 
Average Odds
Full Kelly 
Maximum Odds
Half Kelly 
Average Odds
Half Kelly 
Maximum Odds
Quarter Kelly 
Average Odds
Quarter Kelly 
Maximum Odds
Mean 1.0072 1.0192 1.0036 1.0096 1.0018 1.0048
Standard Error 0.0093 0.0101 0.0046 0.0051 0.0023 0.0025
Median 1.0044 1.0050 1.0022 1.0025 1.0011 1.0012
Standard Deviation 0.2045 0.2233 0.1023 0.1116 0.0511 0.0558
Skewness 0.7080 0.9511 0.7080 0.9511 0.7080 0.9511
Range 1.3818 1.5197 0.6909 0.7599 0.3455 0.3799
Minimum 0.4349 0.4349 0.7175 0.7175 0.8587 0.8587
Maximum 1.8168 1.9547 1.4084 1.4773 1.2042 1.2387
 
 
 Both models produce positive mean returns (a mean statistic greater than 1) under all 
Kelly strategies. Furthermore, skewness, which measures the degree of a distribution‟s 
asymmetry around its mean, is consistently positive. A positive skewness statistic 
indicates that the distribution of returns is positively or right skewed, with an asymmetric 
tail extending towards positive values. This means that there are a substantial number of 
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large positive payoffs, and a limited number of large negative payoffs. Taken together, 
the positive mean return and skewness suggest that the success of the Kelly strategy is 
driven by the consistency of outcomes with a small positive (mean) return, and the 
occasional wager that produces a large return. When implemented over a relatively large 
period of three seasons, the mere number of “plays” ensures the generation of significant 
positive returns. The role of diversification – betting on two outcomes in a particular 
match, one of which may have a negative expected value – obviously plays a significant 
role in the minimisation of substantial bankroll reductions, especially in the case of the 
half and quarter Kelly strategies.  
 
6.2.5.2 Evaluating the Performance of the Kelly Strategy 
In order to determine the true value of the Kelly betting strategy, the simple strategy 
reported in Table Thirteen was recalculated with the modifications of the combined 
strategy: no bets on away longshots, and a forty game staggered start and finish to each 
season. The results of this „Combined Simple Strategy‟ are set out in Table Thirty Five. 
 
Table Thirty Five – Combined Simple Strategy Results 2005-06 to 2007-08 
Combined Simple Strategy Results
V 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Bets Placed 479 257 136 85 50 31 23 18 9 4 3
Bets Won 221 108 49 26 12 8 7 4 2 0 0
Average Odds Return -0.51% -0.83% -4.47% -3.00% -2.54% 27.03% 61.48% 27.39% 45.11% -100.00% -100.00%
Maximum Odds Return 7.16% 7.59% 4.80% 8.00% 11.08% 46.32% 86.57% 48.06% 68.89% -100.00% -100.00%
Bets Placed 458 247 139 82 46 28 19 16 12 8 5
Bets Won 208 104 49 26 15 8 4 4 2 1 1
Average Odds Return 3.04% 3.39% 9.42% 10.88% 27.28% 37.64% 20.68% 43.31% 18.25% -17.88% 31.40%
Maximum Odds Return 11.96% 12.55% 21.41% 24.89% 43.74% 58.39% 40.26% 66.56% 39.58% -3.75% 54.00%
Bets Placed 533 327 188 106 63 41 26 17 12 7 5
Bets Won 254 144 77 36 23 15 7 5 4 2 1
Average Odds Return 0.34% -3.38% -4.91% -8.40% 6.75% 18.54% 14.12% 46.65% 53.00% 24.71% -31.60%
Maximum Odds Return 8.07% 4.07% 2.72% 0.64% 17.41% 30.98% 28.58% 67.24% 72.75% 40.43% -28.00%
Bets Placed 499 302 178 91 54 37 26 18 11 8 5
Bets Won 239 131 71 31 17 11 6 4 3 2 1
Average Odds Return 0.62% -1.15% -1.06% -7.38% -1.89% 7.19% -7.38% 9.00% 18.64% -18.00% -37.20%
Maximum Odds Return 7.78% 6.69% 7.51% 1.53% 8.39% 19.65% 3.46% 23.33% 31.82% -12.50% -32.00%
Bets Placed 528 293 162 95 56 36 25 17 10 6 4
Bets Won 251 127 62 32 22 14 8 6 3 0 0
Average Odds Return 1.63% -3.56% -2.82% -4.97% 22.36% 35.31% 40.92% 63.12% 62.00% -100.00% -100.00%
Maximum Odds Return 9.66% 4.02% 6.06% 4.49% 35.70% 51.33% 61.32% 87.06% 86.00% -100.00% -100.00%
Model 5
Model 1
Model 2
Model 3
Model 4
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Firstly, and not unexpectedly, the incorporation of the two basic modifications improves 
returns markedly, when compared to the original simple strategy reported in Table 
Sixteen. Returns are generally positive for all models and values of V , especially when 
bets are placed at the maximum odds. All models produce consistently positive returns 
for values of V from 1.5 to 1.8. The low number of bets placed (and won) under these 
strategies, however, suggests that a degree of good fortune is involved, and that returns 
are likely to be considerably volatile. Furthermore, the half and quarter Kelly returns are 
persistently superior to those of the combined simple strategies presented in Table Thirty 
Five. For these reasons, it can be concluded that the Kelly strategy considerably increases 
the profitability of the models‟ forecasts when compared to the relatively naïve strategy 
of betting a fixed amount whenever a sufficient “edge” over the bookmaker is observed, 
and is therefore unquestionably the preferred betting strategy.  
 
6.2.5.3 Pooled Forecasts  
This section tests the profitability of combining the forecasts of the specified models. The 
advantages of combining probability forecasts are discussed in an extensive literature. 
For a good review, see Clemen (1989). He reports that the majority of studies find that 
the combination of forecasts results in an increased forecast accuracy. Numerous methods 
for combination have been suggested, however as Clemen (1989) explains, the more 
complicated combination schemes generally do not perform as well as a simple average. 
McNees (1992) and Larrick and Soll (2006) also demonstrated how the averaging of 
forecasts can reduce forecast errors.  
  
In line with the finding of Clemen (1989), among others, this thesis combines the 
forecasts of its models by simply averaging their probabilistic predictions. Reported in 
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Table Thirty Six are the combined Kelly strategy (no bets on longshots, and a 40 game 
staggered start and finish to each season) returns generated by four models using pooled 
forecasts. The first utilises the forecasts of all five models, the second utilises the best 
four models as determined in section 6.3.5 (Models 2, 5, 1 and 3), the third utilises the 
best three models (Models 2, 5 and 1), and the fourth utilises the best two models 
(Models 2 and 5).  
 
 
Table Thirty Six – Combined Kelly Strategy: Pooled Forecasts Results 2005-06 
Combined Kelly Strategy Results - Pooled Forecasts 2005-06
All 5 Models Best 4 Models Best 3 Models Best 2 Models
Total Games Bet On (max 300) 148 145 142 139
Home Teams Bet On 119 117 119 116
Draws Bet On 33 31 30 29
Away Teams Bet On 28 28 23 23
Home Favourites Bet On 86 82 84 84
Home Longshots Bet On 32 34 35 32
Away Favourites Bet On 28 28 23 23
Away Longshots Bet On 0 0 0 0
Games Make Money 74 71 71 72
Games Lose Money 74 74 71 67
Full Kelly Average Odds Return -93.65% -90.84% -82.77% -82.52%
Full Kelly Maximum Odds Return -76.08% -64.22% -34.49% -25.66%
Half Kelly Average Odds Return -53.45% -47.49% -30.29% -28.87%
Half Kelly Maximum Odds Return -3.91% 10.57% 44.98% 57.38%
Quarter Kelly Average Odds Return -21.05% -17.24% -5.18% -4.03%
Quarter Kelly Maximum Odds Return 15.56% 22.39% 39.42% 45.80%
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Table Thirty Seven – Combined Kelly Strategy: Pooled Forecasts Results 2006-07 
Combined Kelly Strategy Results - Pooled Forecasts 2006-07
All 5 Models Best 4 Models Best 3 Models Best 2 Models
Total Games Bet On (max 300) 147 143 134 142
Home Teams Bet On 119 116 112 119
Draws Bet On 14 12 15 19
Away Teams Bet On 27 26 22 23
Home Favourites Bet On 89 86 83 91
Home Longshots Bet On 30 30 29 28
Away Favourites Bet On 27 26 22 23
Away Longshots Bet On 0 0 0 0
Games Make Money 79 77 73 76
Games Lose Money 68 66 61 66
Full Kelly Average Odds Return 268.39% 313.06% 86.16% 293.85%
Full Kelly Maximum Odds Return 975.43% 1040.04% 357.96% 916.62%
Half Kelly Average Odds Return 186.16% 191.59% 90.80% 187.40%
Half Kelly Maximum Odds Return 413.74% 407.08% 210.81% 381.58%
Quarter Kelly Average Odds Return 86.92% 86.95% 50.00% 86.06%
Quarter Kelly Maximum Odds Return 154.17% 149.88% 93.58% 143.88%
 
 
Table Thirty Eight – Combined Kelly Strategy: Pooled Forecasts Results 2007-08 
Combined Kelly Strategy Results - Pooled Forecasts 2007-08
All 5 Models Best 4 Models Best 3 Models Best 2 Models
Total Games Bet On (max 300) 157 160 152 152
Home Teams Bet On 147 150 138 138
Draws Bet On 40 39 33 33
Away Teams Bet On 10 10 14 14
Home Favourites Bet On 91 94 83 86
Home Longshots Bet On 56 56 55 52
Away Favourites Bet On 10 10 14 14
Away Longshots Bet On 0 0 0 0
Games Make Money 71 73 70 71
Games Lose Money 86 87 82 81
Full Kelly Average Odds Return -93.41% -90.08% -75.84% -65.72%
Full Kelly Maximum Odds Return -77.52% -65.32% -17.51% 26.74%
Half Kelly Average Odds Return -49.49% -39.40% -11.54% 12.21%
Half Kelly Maximum Odds Return 1.33% 23.27% 77.12% 136.60%
Quarter Kelly Average Odds Return -15.45% -7.84% 9.53% 25.41%
Quarter Kelly Maximum Odds Return 23.13% 35.19% 59.26% 87.92%
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Table Thirty Nine – Combined Kelly Strategy: Pooled Forecasts Results  
2005-06 to 2007-08 
Combined Kelly Strategy Results - Pooled Forecasts 2005-06 to 2007-08
All 5 Models Best 4 Models Best 3 Models Best 2 Models
Total Games Bet On (max 900) 452 448 428 433
Home Teams Bet On 228 227 214 214
Draws Bet On 87 82 78 81
Away Teams Bet On 65 64 59 60
Home Favourites Bet On 266 262 250 261
Home Longshots Bet On 118 120 119 112
Away Favourites Bet On 65 64 59 60
Away Longshots Bet On 0 0 0 0
Games Make Money 224 221 214 219
Games Lose Money 228 227 214 214
Full Kelly Average Odds Return -98.46% -96.25% -92.25% -76.40%
Full Kelly Maximum Odds Return -42.16% 41.45% 147.48% 857.82%
Half Kelly Average Odds Return -32.72% -7.20% 17.67% 129.39%
Half Kelly Maximum Odds Return 400.23% 591.13% 698.12% 1693.18%
Quarter Kelly Average Odds Return 24.76% 42.59% 55.78% 123.94%
Quarter Kelly Maximum Odds Return 261.65% 313.47% 329.81% 568.23%
 
 
A comparison of Table Thirty Nine with Table Thirty Two indicates that the pooling of 
forecasts is an excellent strategy. In all cases, the combination of forecasts by averaging 
produces returns that are greater than the average returns generated by their respective 
models. Most notably, the combination of the best two models‟ forecasts (Models 2 and 8) 
generates returns that are significantly superior to those of the individual models. In the 
case of betting the half Kelly fraction at the maximum odds, a return of 1693.18% is 
produced, representing a marked improvement on the 803.73% and 506.95% returns to 
Models 2 and 8 respectively. Combining the forecasts generated by models utilising even 
relatively similar information sets is therefore beneficial in reducing the “noise” 
contained in any individual set of forecasts. This result gives weight to the literature 
advocating the combination of forecasts, and especially the relatively simple technique of 
averaging.  
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The semi-strong form analysis reported in this section repeatedly indicates a significant 
divergence from economic efficiency of the English Premier League betting market 
during the period 2002 to 2008. The forecasts generated by the specified ordered probit 
models were shown to form the basis of consistently profitable Kelly betting strategies, 
when implemented with a number of practically motivated modifications. Further, 
evidence supporting the significant economic benefits of combining forecasts was 
provided. 
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7. Conclusions and Discussion 
This thesis conducted statistical and economic tests of efficiency in the English Premier 
League betting market between 2002 and 2008. The soccer betting market literature was 
extended in a number of ways. To begin with, the data analysed is extremely timely, 
consisting of matches played as recently as this year. Furthermore, the extensive sample 
of bookmaker quoted odds facilitated a highly sophisticated analysis of both weak and 
semi-strong form analysis. Benefiting particularly from this comprehensive database of 
odds was the examination of arbitrage opportunities. This thesis provides evidence that 
arbitrage opportunities as high as 85% were available. The occurrences and profitability 
of such opportunities, however, are undoubtedly decreasing, suggesting that bookmakers 
are gradually eliminating this fundamental market inefficiency. In the 2007-08 season, 
the average and maximum arbitrage opportunities were 0.54% and 1.89% respectively, 
down from 3.44% and 84.87% in the 2005-06 season.  
 
Both statistical and economic weak form analysis revealed the existence of the much 
publicised favourite-longshot bias. Moreover, the returns to various simple betting 
strategies uncovered that the home ground advantage is consistently underestimated by 
bookmakers. The combined effect of these two inefficiencies was named the “home-
favourite” bias. A simple Kelly strategy utilising historical outcome probabilities was 
successfully able to exploit the tendency of bookmakers to underestimate the prospects of 
strong favourites. Most notably, betting on teams with average bookmaker implied 
probabilities between 50% and 60% generated positive returns, as high as 330% over the 
three season period 2005-06 to 2007-08.  
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In order to examine the semi-strong form efficiency of the English Premier League 
betting market, ordered probit regression models were utilised to generate probabilistic 
forecasts of out-of-sample match outcomes. Statistical analysis indicated that the models‟ 
forecasting performance is comparable to that of bookmakers, when probabilities are 
derived from their average odds. Economic efficiency at the semi-strong form level was 
evaluated using Kelly betting, a strategy offering increased sophistication and optimality 
when compared to those proposed by previous literature. The Kelly strategy proved 
highly successful following the combined implementation of two modifications that both 
clearly satisfy the “practitioners approach” adopted by this thesis. These modifications 
are the avoidance of bets on away longshots, and a staggered start and finish to betting in 
each season. It was argued that an informed bettor would employ these modifications on 
the basis that they exploit consistently occurring inefficiencies, and are practically 
intuitive. Interestingly, the simple models specified by this thesis generated returns that 
were consistently superior to those with relatively more complex specifications. Further, 
the in-match statistical variables – goals, shots, shots on target, fouls and points – were 
concluded to be of little supplementary value, possibly because the information they 
contain is already captured by the incumbent variables derived from Forrest, Goddard 
and Simmons (2005).  
 
Evidence provided by this thesis suggests a strong preference for the half and quarter 
Kelly strategies over betting the full Kelly fraction. This finding is in line with previous 
literature such as Thorp (2000), who reveals that in practice at least, the full Kelly 
strategy often induces overbetting, the penalties for which are much more severe than for 
choosing too low a Kelly fraction, and thus underbetting. Further, the economic benefit of 
seeking out and betting at the best odds is substantial. There is no downside to this 
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strategy, whereby gains are merely amplified. In many cases, betting at the maximum 
odds transformed a significantly negative return (from betting at the average odds) into 
an impressive profit. For example, using the forecasts of Model 1, and implementing the 
half Kelly strategy with modifications, an average odds return of -63% became a profit of 
188% when maximum odds were utilised. This thesis argues that the costs involved in 
seeking out and betting at the best odds are far outweighed by the significantly increased 
returns, and therefore represents a strategy an intelligent bettor would feasibly and 
actively employ. Furthermore, the growth of online bookmakers and odds comparison 
websites has significantly increased the chances of successfully implementing this 
strategy in recent times.   
 
The results of this thesis also provide strong support for the technique of combining 
forecasts. Simply averaging the forecasts of this thesis‟ five models produces consistent 
profits using both the half and quarter Kelly strategies. Combining the forecasts of the 
best two models, and betting the half Kelly fraction at the maximum odds, produced a 
remarkable return of 1693% over three seasons 2005-06 to 2007-08.  
 
Both the statistical and economic results of this thesis indicate consistent divergences 
from both weak and semi-strong form efficiency in the English Premier League betting 
market. It would appear that profit maximising bookmakers are able to set market 
inefficient odds and still earn positive abnormal returns, consistent with the theoretically 
derived explanation of Kuypers (2000). The findings of this thesis suggest that 
bookmaker‟s odds do exhibit consistent biases, and most notably a “home-favourite” bias. 
Explanations proposed for the existence of betting market biases include market structure, 
the cost of trading, and numerous bettor biases such as team loyalty and a desire to back 
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longshots. Levitt (2004) points out that the successful exploitation of biases in bettor 
preferences can result in bookmakers increasing their gross profit margins by 20 - 30%, 
without simple strategies becoming profitable. Consistent with the practical findings of 
Edward Thorp and Bill Benter, the results of this thesis suggest that, while simple 
strategies are generally not profitable, the combination of superior forecasts and optimal 
betting strategies can, in fact, successfully exploit consistent bookmaker inefficiencies by 
overcoming the inherent transaction costs to generate positive profits. It would appear 
that the recent deregulation, increase in betting volume, as well as the substantial spike in 
bookmaker competition in the English Premier League betting market have not 
eliminated the profit generating potential of an informed bettor utilising a sophisticated 
betting strategy such as the Kelly criterion. As such, the conclusion of both weak and 
semi-strong form inefficiency is unavoidable. 
 
Future research will seek to analyse data provided by a number of websites that track the 
time series of odds movements prior to match commencement.
8
 A number of studies have 
investigated issues relating to the movement of odds prior to match commencement (see 
for example, Avery and Chevalier, 1999), however the recent structural changes in the 
English Premier League betting market, and production of extensive data by a number of 
websites provides an ideal platform from which to further examine this issue.  
 
In a recent study, Sung and Johnson (2007) advocate the use of two-step modelling 
procedures, which involve developing a fundamental outcome probability predicting 
model in step one, and subsequently “conditioning” these probabilities on bookmaker 
implied probabilities in a second stage model. They provide evidence that utilising the 
                                                 
8
  For example, see www.soccerpunter.com, and www.betbrain.com.  
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forecasts of a two-step logit model generates significantly larger profits when compared 
to a one step model. The ease of practical implementation of the two-stage technique is 
also heralded as a significant advantage. Future betting market research should further 
examine two-step modelling procedures in order to enhance the sophistication and 
robustness of efficiency tests.   
 
Additionally, the recent and growing popularity of betting exchanges sees them as an 
alternative market for testing efficiency. Often referred to as “a stock exchange for bets”, 
these markets function in a similar way to stock markets, with punters effectively trading 
with each other. Smith, Paton and Vaughan Williams (2006) provide evidence suggesting 
that betting exchanges have increased efficiency, by offering lower transaction costs to its 
participants. 
 
Finally, a word of caution. While the returns reported in this thesis, and particularly in the 
semi-strong form analysis, are often remarkable, it must be understood that probability 
forecasting is often a fickle endeavour. As Johnstone (2007) explains; 
 
While accurate probability forecasts, lead in general to good economic outcomes, the 
converse is, or can be, a less reliable generalisation. (Johnstone, 2007). 
 
Even highly inaccurate forecasts can generate substantial economic returns, as a result of 
considerable luck. As such, good past payoffs are not always indicative of attractive 
future payoffs. With that said, so long as the revealed biases in bookmaker prices persist 
in the English Premier League betting market, a fundamental match outcome modelling 
procedure coupled with the practically intuitive implementation of an optimal betting 
strategy, as demonstrated in this thesis, has a significant chance of realising a substantial 
profit against the bookmaker. 
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APPENDIX 
 
APPENDIX A: Average Bookmaker Calibration Tables and Plots. 
 
Table A1 - Bookmaker Implied Probability versus Outcome Probability 2002-03 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 16 8.86% 6.25%
15% 119 15.95% 10.92%
25% 507 26.35% 25.05%
35% 208 35.22% 34.13%
45% 124 44.83% 45.97%
55% 111 54.33% 63.96%
65% 40 64.69% 70.00%
75% 15 73.15% 80.00%
85% 0 - -
95% 0 - -
 
Figure A1 - Average Bookmaker Calibration: 2002-03 
Average Bookmaker Calibration: 2002-03
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Table A2 - Bookmaker Implied Probability versus Outcome Probability 2003-04 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 25 8.85% 12.00%
15% 124 16.30% 12.10%
25% 504 26.66% 28.57%
35% 183 35.01% 32.24%
45% 136 44.06% 40.44%
55% 112 54.32% 57.14%
65% 30 64.71% 66.67%
75% 26 72.93% 76.92%
85% 0 - -
95% 0 - -
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Figure A2 - Average Bookmaker Calibration: 2003-04 
 
Average Bookmaker Calibration: 2003-04
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Table A3 - Bookmaker Implied Probability versus Outcome Probability 2004-05 
 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 28 8.50% 0.00%
15% 129 15.98% 14.73%
25% 491 26.73% 26.68%
35% 199 35.02% 34.17%
45% 130 44.81% 43.08%
55% 94 54.16% 61.70%
65% 41 64.25% 68.29%
75% 28 73.38% 71.43%
85% 0 - -
95% 0 - -
 
 
 
Figure A3 - Average Bookmaker Calibration: 2004-05 
 
Average Bookmaker Calibration: 2004-05
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Table A4 - Bookmaker Implied Probability versus Outcome Probability 2005-06 
 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 38 7.74% 2.63%
15% 141 15.63% 8.51%
25% 479 26.79% 23.17%
35% 184 35.02% 37.50%
45% 125 44.55% 50.40%
55% 93 54.55% 64.52%
65% 43 65.42% 76.74%
75% 34 74.33% 85.29%
85% 3 81.65% 66.67%
95% 0 - -
 
 
Figure A4 - Average Bookmaker Calibration: 2005-06 
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Table A5 - Bookmaker Implied Probability versus Outcome Probability 2006-07 
 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 39 7.88% 0.00%
15% 140 15.74% 16.43%
25% 484 26.69% 26.65%
35% 166 34.75% 32.53%
45% 137 44.47% 44.53%
55% 89 54.58% 57.30%
65% 49 64.37% 69.39%
75% 33 74.44% 75.76%
85% 3 80.52% 100.00%
95% 0 - -
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Figure A5 - Average Bookmaker Calibration: 2006-07 
 
Average Bookmaker Calibration: 2006-07
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Table A6 - Bookmaker Implied Probability versus Outcome Probability 2007-08 
 
Implied Probability 
Decile Mid Point
Observations
Mean Implied 
Probability
Outcome Probability
5% 49 7.51% 2.04%
15% 155 15.80% 11.61%
25% 467 26.60% 25.05%
35% 158 34.87% 31.65%
45% 121 44.84% 47.11%
55% 94 54.62% 68.09%
65% 50 64.16% 72.00%
75% 43 75.23% 81.40%
85% 3 82.67% 66.67%
95% 0 - -
 
 
Figure A6 - Average Bookmaker Calibration: 2007-08 
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APPENDIX B: Supplementary Ordered Probit Model Estimation Results 
 
Table B1 – Model 6 Ordered Probit Estimation Results 
Model 6: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.235 -0.764 0.475 1.551 0.086 0.287
1.932 *** 3.402 1.072 * 1.932 1.127 ** 2.174
0.284 0.564 0.959 ** 2.003 0.677 1.398
1.001 *** 2.565 0.638 * 1.688 0.598 1.599
0.284 0.807 0.393 1.145 -0.090 -0.242
-0.005 -0.015 -0.684 ** -2.211 -0.723 ** -2.462
-1.525 *** -2.742 -1.197 ** -2.235 -1.154 ** -2.306
-0.638 -1.291 -0.244 -0.515 -0.786 * -1.655
-0.832 ** -2.140 -0.674 * -1.811 -0.849 ** -2.311
-0.258 -0.734 0.004 0.010 -0.366 -0.982
Recent Match Outcomes
0.079 0.872 0.002 0.020 0.017 0.182
-0.071 -0.793 -0.183 ** -2.041 -0.126 -1.392
0.170 * 1.907 0.029 0.326 -0.001 -0.014
0.098 1.102 -0.036 -0.406 -0.146 -1.628
0.086 0.981 0.126 1.427 0.018 0.201
0.057 0.648 -0.020 -0.229 0.014 0.150
0.085 0.965 0.125 1.404 0.081 0.904
0.012 0.139 0.086 0.985 0.045 0.501
-0.164 * -1.817 -0.175 ** -1.958 0.022 0.244
0.007 0.082 0.124 1.397 0.222 ** 2.470
0.247 *** 2.608 0.070 0.740 0.152 1.582
-0.120 -1.320 -0.087 -0.924 -0.148 -1.556
0.058 0.650 -0.081 -0.885 -0.048 -0.521
0.034 0.373 -0.036 -0.399 0.020 0.222
-0.029 -0.326 0.054 0.603 0.117 1.310
0.059 0.666 0.143 1.603 0.150 * 1.666
0.062 0.702 -0.035 -0.396 -0.068 -0.744
-0.125 -1.386 -0.018 -0.205 0.026 0.292
0.026 0.299 0.030 0.345 0.061 0.671
0.116 1.317 0.096 1.079 0.232 *** 2.622
0.018 0.197 -0.017 -0.175 -0.035 -0.367
-0.071 -0.770 -0.073 -0.780 0.010 0.110
-0.047 -0.522 -0.183 ** -2.012 -0.053 -0.588
0.055 0.623 0.127 1.419 0.083 0.918
-0.076 -0.861 0.023 0.251 0.041 0.450
-0.020 -0.223 -0.092 -1.039 -0.032 -0.354
-0.150 * -1.722 -0.131 -1.492 -0.097 -1.098
0.091 1.035 0.184 ** 2.078 0.182 ** 2.046
0.137 1.551 0.024 0.272 -0.044 -0.485
0.014 0.156 -0.095 -1.074 -0.164 * -1.852
-0.193 ** -2.045 -0.115 -1.195 0.026 0.279
-0.026 -0.289 0.105 1.155 0.026 0.282
0.011 0.123 0.135 1.499 0.121 1.316
0.155 * 1.724 0.122 1.350 0.087 0.955
-0.048 -0.533 -0.030 -0.332 0.031 0.334
-0.124 -1.386 -0.031 -0.348 -0.078 -0.854
-0.090 -1.031 -0.136 -1.540 -0.055 -0.613
-0.152 * -1.697 -0.102 -1.153 0.023 0.259
-0.259 *** -2.827 -0.122 -1.344 -0.135 -1.461
-0.142 -1.604 -0.114 -1.280 0.089 0.972
Elimination From the FA Cup
0.044 0.395 -0.081 -0.741 -0.028 -0.254
-0.051 -0.454 0.173 1.555 0.181 * 1.643
Distance Between Home Grounds
0.037 1.111 0.054 1.614 0.087 *** 2.673
Crowd Attendance Relative to League Position
-0.051 -0.618 -0.101 -1.249 -0.204 ** -1.999
0.075 0.725 -0.019 -0.189 -0.046 -0.449
-0.027 -0.320 0.057 0.691 0.194 * 1.939
-0.063 -0.614 -0.040 -0.403 -0.066 -0.653
Significant Incentive Indicator
0.394 1.632 0.354 1.445 0.373 1.549
-0.378 -1.371 -0.319 -0.986 -0.518 * -1.743
Model Statistics
Pseudo R-squared 0.085 Pseudo R-squared 0.099 Pseudo R-squared 0.108
Likelihood Ratio 207.08 Likelihood Ratio 239.12 Likelihood Ratio 258.58
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 6. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Table B2 – Model 7 Ordered Probit Estimation Results 
Model 7: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.200 -0.628 0.438 1.398 0.115 0.374
1.944 *** 3.057 1.174 * 1.940 0.908 * 1.643
0.291 0.541 1.064 ** 2.103 0.693 1.313
1.077 ** 2.455 0.857 ** 2.064 0.475 1.214
0.317 0.847 0.399 1.091 -0.167 -0.410
-0.088 -0.271 -0.759 ** -2.387 -0.819 *** -2.734
-1.235 ** -1.993 -0.779 -1.341 -0.566 -1.064
-0.678 -1.268 -0.080 -0.161 -0.459 -0.890
-0.616 -1.415 -0.465 -1.142 -0.553 -1.435
-0.330 -0.878 0.125 0.340 -0.163 -0.401
Recent Match Outcomes
0.081 0.864 0.022 0.228 -0.016 -0.162
-0.055 -0.602 -0.183 ** -1.966 -0.166 * -1.729
0.188 ** 2.019 0.064 0.678 -0.009 -0.097
0.129 1.381 -0.031 -0.328 -0.165 * -1.745
0.095 1.025 0.154 * 1.670 0.002 0.018
0.063 0.677 0.000 -0.002 0.008 0.079
0.114 1.218 0.159 * 1.705 0.103 1.078
0.028 0.299 0.109 1.180 0.036 0.378
-0.123 -1.299 -0.122 -1.304 0.029 0.298
0.047 0.498 0.182 * 1.926 0.212 ** 2.216
0.274 *** 2.738 0.072 0.735 0.118 1.173
-0.109 -1.148 -0.076 -0.774 -0.152 -1.486
0.057 0.604 -0.086 -0.896 -0.075 -0.768
0.018 0.187 -0.039 -0.408 -0.021 -0.212
-0.041 -0.452 0.059 0.630 0.118 1.248
0.066 0.708 0.131 1.410 0.104 1.083
0.089 0.973 -0.023 -0.244 -0.060 -0.629
-0.091 -0.966 0.014 0.146 -0.001 -0.009
0.039 0.427 0.042 0.459 0.062 0.645
0.105 1.145 0.102 1.103 0.229 ** 2.420
0.075 0.771 0.041 0.408 0.027 0.267
-0.036 -0.371 -0.039 -0.396 0.064 0.658
-0.033 -0.346 -0.156 * -1.643 0.021 0.216
0.070 0.761 0.149 1.596 0.122 1.271
-0.060 -0.660 0.046 0.493 0.086 0.902
-0.010 -0.105 -0.089 -0.975 0.008 0.088
-0.146 -1.614 -0.135 -1.482 -0.073 -0.782
0.075 0.820 0.195 ** 2.126 0.211 ** 2.263
0.130 1.430 0.034 0.371 -0.010 -0.108
0.012 0.130 -0.088 -0.948 -0.138 -1.464
-0.171 * -1.747 -0.117 -1.175 0.076 0.770
-0.015 -0.165 0.111 1.186 0.056 0.577
0.010 0.109 0.098 1.033 0.113 1.177
0.166 * 1.759 0.090 0.949 0.095 0.974
-0.048 -0.516 -0.063 -0.669 0.017 0.178
-0.115 -1.228 -0.017 -0.183 -0.047 -0.487
-0.093 -1.012 -0.146 -1.580 -0.031 -0.326
-0.138 -1.463 -0.117 -1.247 0.036 0.367
-0.252 *** -2.643 -0.137 -1.467 -0.145 -1.498
-0.120 -1.266 -0.139 -1.455 0.088 0.896
Elimination From the FA Cup
0.056 0.492 -0.110 -0.977 -0.046 -0.414
-0.070 -0.609 0.200 * 1.736 0.224 ** 1.967
Distance Between Home Grounds
0.045 1.327 0.056 * 1.646 0.091 *** 2.706
Crowd Attendance Relative to League Position
-0.074 -0.839 -0.136 -1.589 -0.214 ** -1.991
0.044 0.391 -0.045 -0.427 -0.117 -1.084
-0.059 -0.654 0.095 1.090 0.242 ** 2.280
-0.039 -0.346 0.002 0.021 -0.061 -0.561
Significant Incentive Indicator
0.388 1.578 0.289 1.160 0.302 1.236
-0.405 -1.439 -0.247 -0.750 -0.488 -1.598
Recent Lagged In-Match Statistics
-0.182 -1.350 -0.248 * -1.821 -0.131 -0.908
-0.003 -0.066 0.005 0.122 0.041 0.946
0.008 0.134 0.004 0.061 -0.028 -0.410
-0.030 -1.064 0.008 0.271 -0.018 -0.642
0.011 1.240 0.000 -0.025 0.003 0.337
-0.158 -1.059 -0.179 -1.230 -0.010 -0.058
-0.010 -0.203 0.003 0.059 0.024 0.448
0.078 1.023 0.061 0.797 0.017 0.209
0.008 0.307 -0.036 -1.149 -0.058 ** -2.166
-0.013 -1.612 -0.011 -1.368 -0.011 -1.420
-0.023 -0.154 0.088 0.615 0.036 0.219
-0.069 -1.447 -0.011 -0.220 -0.023 -0.433
0.041 0.545 -0.061 -0.773 -0.087 -1.074
0.007 0.245 -0.015 -0.484 -0.028 -1.008
-0.006 -0.664 0.015 * 1.827 0.002 0.325
0.074 0.562 0.178 1.296 0.000 -0.002
0.089 ** 2.240 0.005 0.116 0.018 0.436
-0.177 *** -2.961 -0.075 -1.099 -0.098 -1.425
-0.005 -0.162 0.026 0.877 0.051 * 1.800
-0.001 -0.103 -0.002 -0.201 -0.021 ** -2.171
Model Statistics
Pseudo R-squared 0.095 Pseudo R-squared 0.109 Pseudo R-squared 0.123
Likelihood Ratio 229.85 Likelihood Ratio 264.68 Likelihood Ratio 294.05
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 7. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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Table B3 – Model 8 Ordered Probit Estimation Results 
Model 8: Ordered Probit Regression 
Dependant Variable: Match Outcome, 
Variable Coefficient t Stat Variable Coefficient t Stat Variable Coefficient t Stat
Historical Win Ratios
-0.009 -0.028 0.661 ** 2.197 0.245 0.849
2.118 *** 3.550 1.298 ** 2.275 1.165 ** 2.234
0.168 0.323 0.978 ** 1.981 0.641 1.260
1.175 *** 2.903 0.851 ** 2.230 0.688 * 1.882
0.264 0.725 0.458 1.280 -0.069 -0.174
-0.307 -0.970 -0.878 *** -2.860 -0.844 *** -2.925
-1.488 ** -2.534 -1.078 * -1.933 -0.809 -1.604
-0.645 -1.247 -0.033 -0.069 -0.404 -0.823
-0.895 ** -2.199 -0.653 * -1.690 -0.637 * -1.737
-0.321 -0.883 0.091 0.259 -0.104 -0.267
Recent Match Outcomes
0.056 0.604 0.019 0.196 -0.001 -0.015
-0.069 -0.760 -0.180 * -1.949 -0.168 * -1.782
0.185 ** 2.010 0.062 0.668 -0.001 -0.006
0.109 1.180 -0.013 -0.141 -0.147 -1.575
0.103 1.128 0.163 * 1.793 0.000 -0.005
0.060 0.655 0.007 0.075 0.009 0.092
0.075 0.818 0.142 1.539 0.077 0.827
0.021 0.231 0.110 1.204 0.033 0.354
-0.110 -1.181 -0.137 -1.479 0.012 0.130
0.059 0.637 0.188 ** 2.017 0.199 ** 2.118
0.237 ** 2.373 0.043 0.429 0.059 0.580
-0.119 -1.235 -0.114 -1.149 -0.234 ** -2.303
0.083 0.875 -0.079 -0.819 -0.096 -0.981
0.044 0.467 -0.054 -0.559 -0.062 -0.626
-0.050 -0.545 0.038 0.407 0.050 0.522
0.083 0.861 0.018 0.180 0.004 0.039
-0.028 -0.300 -0.028 -0.296 0.084 0.874
-0.035 -0.376 -0.157 * -1.677 -0.001 -0.009
0.057 0.626 0.150 1.627 0.119 1.258
-0.063 -0.702 0.041 0.445 0.084 0.889
0.000 0.001 -0.067 -0.737 0.014 0.151
-0.132 -1.468 -0.130 -1.443 -0.065 -0.707
0.081 0.909 0.192 ** 2.125 0.203 ** 2.194
0.109 1.215 0.022 0.235 -0.010 -0.103
0.024 0.272 -0.094 -1.032 -0.141 -1.514
-0.139 -1.392 -0.084 -0.828 0.090 0.895
0.001 0.013 0.086 0.901 0.074 0.766
0.032 0.343 0.133 1.391 0.140 1.442
0.198 ** 2.092 0.117 1.230 0.110 1.142
-0.025 -0.261 -0.022 -0.227 0.041 0.422
Elimination From the FA Cup
0.088 0.790 -0.068 -0.617 -0.061 -0.555
-0.053 -0.476 0.178 1.596 0.197 * 1.757
Distance Between Home Grounds
0.027 0.815 0.058 * 1.726 0.086 *** 2.618
Crowd Attendance Relative to League Position
-0.070 -0.821 -0.109 -1.327 -0.210 ** -2.008
0.045 0.415 -0.065 -0.633 -0.080 -0.759
-0.042 -0.484 0.085 1.015 0.216 ** 2.097
-0.032 -0.301 -0.004 -0.037 -0.081 -0.782
Significant Incentive Indicator
0.300 1.242 0.255 1.039 0.290 1.204
-0.369 -1.345 -0.309 -0.959 -0.504 * -1.699
Recent Lagged In-Match Statistics
-0.144 -1.100 -0.192 -1.466 -0.013 -0.092
0.001 0.028 0.005 0.129 0.050 1.224
0.002 0.032 0.006 0.091 -0.034 -0.523
-0.118 -1.152 -0.040 -0.383 0.153 1.322
0.007 0.200 0.019 0.566 0.033 0.905
0.050 0.954 0.003 0.048 -0.024 -0.423
0.004 0.028 0.085 0.607 0.025 0.155
-0.076 * -1.649 -0.012 -0.238 -0.031 -0.609
0.036 0.489 -0.073 -0.943 -0.068 -0.864
0.011 0.120 0.072 0.803 -0.015 -0.166
0.056 * 1.923 -0.016 -0.543 0.005 0.186
-0.123 *** -2.910 -0.038 -0.838 -0.054 -1.177
Model Statistics
Pseudo R-squared 0.085 Pseudo R-squared 0.101 Pseudo R-squared 0.111
Likelihood Ratio 206.80 Likelihood Ratio 245.14 Likelihood Ratio 265.25
Prob (LR) (<0.0001) Prob (LR) (<0.0001) Prob (LR) (<0.0001)
Estimation P1: 2002-03 to 2004-05 Estimation P2: 2003-04 to 2005-06 Estimation P3: 2004-05 to 2006-07
This table contains the ordered probit regression output for Model 8. The dependent variable is the match outcome; home win = 2, draw = 1, away win = 
0. A positive (negative) coefficient indicates an increased probability of the home (away) team winning. Observations = 1140 in each estimation period. 
*** = coefficient significance at 1% level; ** = 5% level; * = 10% level.
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APPENDIX C: Model Calibration Plots for Individual Seasons 
 
Figure C1 – Model 1 Forecast Calibration: 2005-06 
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Figure C2 – Model 1 Forecast Calibration: 2006-07 
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Figure C3 – Model 1 Forecast Calibration: 2007-08 
Model 1 - 2007-08 Calibration
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Figure C4 – Model 2 Forecast Calibration: 2005-06 
Model 2 - 2005-06 Calibration
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Figure C5 – Model 2 Forecast Calibration: 2006-07 
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Figure C6 – Model 2 Forecast Calibration: 2007-08 
Model 2 - 2007-08 Calibration
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Figure C7 – Model 3 Forecast Calibration: 2005-06 
Model 3 - 2005-06 Calibration
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Figure C8 – Model 3 Forecast Calibration: 2006-07 
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Figure C9 – Model 3 Forecast Calibration: 2007-08 
Model 3 - 2007-08 Calibration
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Figure C10 – Model 4 Forecast Calibration: 2005-06 
Model 4 - 2005-06 Calibration
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Figure C11 – Model 4 Forecast Calibration: 2006-07 
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Figure C12 – Model 4 Forecast Calibration: 2007-08 
Model 4 - 2007-08 Calibration
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Figure C13 – Model 5 Forecast Calibration: 2005-06 
Model 5 - 2005-06 Calibration
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Figure C14 – Model 5 Forecast Calibration: 2006-07 
Model 5 - 2006-07 Calibration
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Figure C15 – Model 5 Forecast Calibration: 2007-08 
Model 5 - 2007-08 Calibration
0
0.2
0.4
0.6
0.8
1
0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85
Category Mid Point
M
o
d
el
/ 
O
u
tc
o
m
e 
P
ro
b
a
b
il
it
y
Model Probability
Outcome Probability
45° Line187
60
63
91
108
121
452
14
44
 
 
 
 
 133 
APPENDIX D: Kelly Strategy - Wealth Paths 
 
 
Figure D1 – Model 1 Average Odds Kelly Wealth Path: 2005-06 
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Figure D2 – Model 1 Maximum Odds Kelly Wealth Path: 2005-06 
 
Model 1 - 2005-06 Maximum Odds Wealth Path
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Figure D3 – Model 1 Average Odds Kelly Wealth Path: 2006-07 
 
Model 1 - 2006-07 Average Odds Wealth Path
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Figure D4 – Model 1 Maximum Odds Kelly Wealth Path: 2006-07 
 
Model 1 - 2006-07 Maximum Odds Wealth Path
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Figure D5 – Model 1 Average Odds Kelly Wealth Path: 2007-08 
 
Model 1 - 2007-08 Average Odds Wealth Path
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Figure D6 – Model 1 Maximum Odds Kelly Wealth Path: 2007-08 
 
Model 1 - 2007-08 Maximum Odds Wealth Path
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Figure D7 – Model 2 Average Odds Kelly Wealth Path: 2005-06 
 
Model 2 - 2005-06 Average Odds Wealth Path
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Figure D8 – Model 2 Average Odds Kelly Wealth Path: 2006-07 
 
Model 2 - 2006-07 Average Odds Wealth Path
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Figure D9 – Model 2 Average Odds Kelly Wealth Path: 2007-08 
 
Model 2 - 2007-08 Average Odds Wealth Path
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Figure D10 – Model 3 Average Odds Kelly Wealth Path: 2005-06 
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Figure D11 – Model 3 Maximum Odds Kelly Wealth Path: 2005-06 
 
Model 3 - 2005-06 Maximum Odds Wealth Path
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Figure D12 – Model 3 Average Odds Kelly Wealth Path: 2006-07 
 
Model 3 - 2006-07 Average Odds Wealth Path
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Figure D13 – Model 3 Maximum Odds Kelly Wealth Path: 2006-07 
 
Model 3 - 2006-07 Maximum Odds Wealth Path
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Figure D14 – Model 3 Average Odds Kelly Wealth Path: 2007-08 
 
Model 3 - 2007-08 Average Odds Wealth Path
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Figure D14 – Model 3 Maximum Odds Kelly Wealth Path: 2007-08 
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Figure D16 – Model 4 Average Odds Kelly Wealth Path: 2005-06 
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Figure D17 – Model 4 Maximum Odds Kelly Wealth Path: 2005-06 
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Figure D18 – Model 4 Average Odds Kelly Wealth Path: 2006-07 
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Figure D19 – Model 4 Maximum Odds Kelly Wealth Path: 2006-07 
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Figure D20 – Model 4 Average Odds Kelly Wealth Path: 2007-08 
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Figure D21 – Model 4 Maximum Odds Kelly Wealth Path: 2007-08 
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Figure D22 – Model 5 Average Odds Kelly Wealth Path: 2005-06 
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Figure D23 – Model 5 Maximum Odds Kelly Wealth Path: 2005-06 
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Figure D24 – Model 5 Average Odds Kelly Wealth Path: 2006-07 
 
Model 5 - 2006-07 Average Odds Wealth Path
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Figure D25 – Model 5 Maximum Odds Kelly Wealth Path: 2006-07 
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Figure D26 – Model 5 Average Odds Kelly Wealth Path: 2007-08 
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Figure D27 – Model 5 Maximum Odds Kelly Wealth Path: 2007-08 
 
Model 5 - 2007-08 Maximum Odds Wealth Path
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APPENDIX E: Combined Kelly Strategy - Wealth Paths 
 
 
Figure E1 – Model 1 Average Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E2 – Model 1 Maximum Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E3 – Model 1 Average Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E4 – Model 1 Maximum Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E5 – Model 1 Average Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E6 – Model 1 Maximum Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E7 – Model 2 Average Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E8 – Model 2 Average Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E9 – Model 2 Average Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E10 – Model 3 Average Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E11 – Model 3 Maximum Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E12 – Model 3 Average Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E13 – Model 3 Maximum Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E14 – Model 3 Average Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E15 – Model 3 Maximum Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E16 – Model 4 Average Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E17 – Model 4 Maximum Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E18 – Model 4 Average Odds: Combined Kelly Wealth Path: 2006-07 
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Figure E19 – Model 4 Maximum Odds: Combined Kelly Wealth Path: 2006-07 
 
Model 4 - 2006-07 Maximum Odds Wealth Path
0
5
10
15
20
1 41 81 121 161 201 241 281 321 361
Games
B
a
n
k
r
o
ll
 (
%
)
Full Kelly
Half Kelly
Quarter Kelly
Full Kelly
Quarter Kelly
Half Kelly
 
 
 
 
Figure E20 – Model 4 Average Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E21 – Model 4 Maximum Odds: Combined Kelly Wealth Path: 2007-08 
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Figure E22 – Model 5 Average Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E23 – Model 5 Maximum Odds: Combined Kelly Wealth Path: 2005-06 
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Figure E24 – Model 5 Average Odds: Combined Kelly Wealth Path: 2006-07 
 
Model 5 - 2006-07 Average Odds Wealth Path
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Figure E25 – Model 5 Maximum Odds: Combined Kelly Wealth Path: 2006-07 
 
Model 5 - 2006-07 Maximum Odds Wealth Path
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Figure E26 – Model 5 Average Odds: Combined Kelly Wealth Path: 2007-08 
 
Model 5 - 2007-08 Average Odds Wealth Path
0
0.5
1
1.5
2
2.5
3
1 41 81 121 161 201 241 281 321 361
Games
B
a
n
k
r
o
ll
 (
%
)
Full Kelly
Half Kelly
Quarter Kelly
Full Kelly
Quarter Kelly
Half Kelly
 
 
 
 
Figure E27 – Model 5 Maximum Odds: Combined Kelly Wealth Path: 2007-08 
 
Model 5 - 2007-08 Maximum Odds Wealth Path
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APPENDIX F: Kelly Strategy Results with Extended Estimation Period. 
 
Table F1 – Combined Kelly Strategy Results with Extended 
Estimation Period: 2005-06 
 
Kelly Strategy Results - Combined Strategy with Extended Estimtion Period 2005-06
Model 1 Model 2 Model 5
Total Games Bet On (max 300) 143 136 154
Home Teams Bet On 119 112 121
Draws Bet On 34 31 31
Away Teams Bet On 23 23 32
Home Favourites Bet On 84 81 95
Home Longshots Bet On 34 30 25
Away Favourites Bet On 23 23 32
Away Longshots Bet On 0 0 0
Games Make Money 72 66 79
Games Lose Money 71 70 75
Full Kelly Average Odds Return -83.71% -84.31% -99.06%
Full Kelly Maximum Odds Return -40.21% -49.66% -94.97%
Half Kelly Average Odds Return -22.08% -27.80% -75.68%
Half Kelly Maximum Odds Return 60.52% 38.39% -38.21%
Quarter Kelly Average Odds Return 3.53% -1.45% -39.06%
Quarter Kelly Maximum Odds Return 52.01% 39.37% -0.05%
 
 
 
Table F2 – Combined Kelly Strategy Results with Extended 
Estimation Period: 2006-07 
 
Kelly Strategy Results - Combined Strategy with Extended Estimtion Period 2006-07
Model 1 Model 2 Model 5
Total Games Bet On (max 300) 144 142 168
Home Teams Bet On 125 128 149
Draws Bet On 22 21 20
Away Teams Bet On 19 14 19
Home Favourites Bet On 96 90 119
Home Longshots Bet On 29 38 30
Away Favourites Bet On 19 14 19
Away Longshots Bet On 0 0 0
Games Make Money 74 74 96
Games Lose Money 70 68 72
Full Kelly Average Odds Return -85.03% 60.00% 83.53%
Full Kelly Maximum Odds Return -54.22% 323.74% 627.96%
Half Kelly Average Odds Return -28.82% 102.14% 169.75%
Half Kelly Maximum Odds Return 31.78% 245.50% 476.91%
Quarter Kelly Average Odds Return -2.79% 59.57% 95.22%
Quarter Kelly Maximum Odds Return 34.57% 111.76% 191.83%
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Table F3 – Combined Kelly Strategy Results with Extended 
Estimation Period: 2007-08 
 
Kelly Strategy Results - Combined Strategy with Extended Estimtion Period 2007-08
Model 1 Model 2 Model 5
Total Games Bet On (max 300) 160 153 155
Home Teams Bet On 148 142 136
Draws Bet On 43 37 48
Away Teams Bet On 12 11 19
Home Favourites Bet On 92 86 85
Home Longshots Bet On 56 56 51
Away Favourites Bet On 12 11 19
Away Longshots Bet On 0 0 0
Games Make Money 73 73 74
Games Lose Money 87 80 81
Full Kelly Average Odds Return -94.75% -62.69% -94.55%
Full Kelly Maximum Odds Return -81.36% 47.70% -77.25%
Half Kelly Average Odds Return -49.17% 25.52% -34.60%
Half Kelly Maximum Odds Return 4.43% 175.52% 49.86%
Quarter Kelly Average Odds Return -13.24% 34.64% 4.30%
Quarter Kelly Maximum Odds Return 28.08% 106.36% 64.33%
 
 
 
Table F4 – Combined Kelly Strategy Results with Extended 
Estimation Period: 2005-06 to 2007-08 
 
Kelly Strategy Results - Combined Strategy with Extended Estimtion Period 2005-06 to 2007-08
Model 1 Model 2 Model 5
Total Games Bet On (max 900) 447 431 477
Home Teams Bet On 228 218 228
Draws Bet On 99 89 99
Away Teams Bet On 54 48 70
Home Favourites Bet On 272 257 299
Home Longshots Bet On 119 124 106
Away Favourites Bet On 54 48 70
Away Longshots Bet On 0 0 0
Games Make Money 219 213 249
Games Lose Money 228 218 228
Full Kelly Average Odds Return -99.87% -90.63% -99.91%
Full Kelly Maximum Odds Return -94.90% 215.04% -91.67%
Half Kelly Average Odds Return -71.81% 83.19% -57.10%
Half Kelly Maximum Odds Return 120.89% 1217.39% 434.20%
Quarter Kelly Average Odds Return -12.68% 111.72% 24.08%
Quarter Kelly Maximum Odds Return 162.00% 509.06% 379.32%
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APPENDIX G: The Structure of English Professional League Soccer 
 
English league soccer consists of four divisions, or leagues. The highest is the Premier 
League, containing 20 clubs, followed by the League Championship, League One and 
League Two, each containing 24 clubs. Following the conclusion of each season, the 
bottom three teams from the Premier League and League Championship, bottom four 
from League One, and bottom two from League Two are relegated, with an equivalent 
number from the lower division promoted. In every season, all teams play each other 
twice, once each at their respective home grounds between August and May.  
 
 
 
